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STRATEGIES  FOR  MANAGEMENT  OF  TRANSITION  COWS  GSINO  BOVINE 
SOMATOTROPIN  (bST),  SHORT  DRY  PERIOD  AND  DIETS  TO  IMPROVE  THEIR 
PERFORMANCE  DURING  LACTATION 


Mehmel  SUkrQ  Gillay 


ChdqKTson:  H.  Hcih^  Head 

bST  prepanum  and  posipamun  on  BCS.  BW,  MY.  ST.  IGF-1,  INS  and  some  metsboliles 

randomly  10  one  of  iwo  groups  [Control  fC)^8;  Injected  (1)=9S  cows].  Biweekly 
injections  of  bST  were  from  28  d before  expected  calving  through  42  d postpartum  (C 
vs.  Ii  Ovs.  10.2  ragbST/d,  POSILAC®).  During  year  1,  ST,  IGF-I,  INS.  NEFA  and 
glucose  were  measured  in  plasma  of  82  cows.  During  year  2,  BCS  and  BW  of  1 1 1 
Holstein  cows  were  evaluated,  but  cows  were  not  bled.  Milk  yields  through  100  d were 
analyzed  during  both  years.  Prepanum  bST  increased  mean  concentralionsofST  and 
INS  but  not  glucose,  NEFA  or  IGF*I.  Postpartum  treatment  increased  cortceittrations  of 
ST  and  NEFA,  but  not  INS.  IGF-I,  or  glucose-  Mean  BCS  did  not  dilTer  prepanum  or 
postpartum,  but  bST  cows  maintained  better  BW  poslparlum.  The  MY  was  greater  for 


■ duiing  the  fitsi  60  d ofts 


hnglhefirsllOOd.  Tbe 


hormones,  melaboliies  and  Ca.  The  3x2x2  reclorial  arrangement  ortreatincnts  included 
dry  period  (30  d dry,  30  d dry+ECP,  artd  60  d dry),  prepartnm  and  postpartum  bST  (1 0.2 
mg/d),  and  prepanum  anionic  or  cationic  diels.  Prepartum  bST  increased  concenlraiions 
of  ST,  IGF-t,  INS  and  glucose.  Postpanum  bST  increased  conoemraiions  of  ST  atrd  IGF- 
I in  plasma  but  not  glucose  or  NEFA.  Greater  MY  was  observed  for  bST  cows  through 
the  Drst  21  wk  but  MY  did  not  diOer  due  to  dry  period.  Injections  of  ECP  aidry-o^did 

60  d dry  cows.  No  elTecl  of  prepanum  diet  on  DMI,  MY.  or  blood  measures  including  Ca 
was  delected.  Data  indicated  that  bST  treatments  and  short  diy  period  can  be  used  as 


CHAPTER  1 

GENEBIAL  INTRODUCTION 


Dairy  cows  uirdcigo  gcsiarion  and  parlurilion  on  a regular  cycle  during  ihe  Umc 
perioda  during  Ihe  lacialion  cycle  when  nuuieni  demands  are  rapidly  increasing  and 


Another  imporlant  period  during  the  lacialion  cycle  is  that  from  31  d preparrum  to 
21  dposipartum  which  has  been  Icrmcd  Ihe  “transition  period”  (Drackley.  1999).  Cows 
undergo  many  physiological  changes  during  the  uansuion  period.  Pregnant  cews  usually 
show  reduced  DMI  during  late  pregnancy  and  Ihc  early  poslpanum  period.  Ilhosheen 
shown  that  feed  inlake  decreased  approaimaiely  30K  during  the  final  days  before  calving 
IBeiiics  cl  al..  1992).  Impoitanily.  many  metabolic  diseases  such  as  fatly  liver,  keiosia. 
milk  fever,  downer  cow  syndrome,  and  displaced  abomasum  (DA)  are  most  likely  to 
occur  during  the  late  pregnancy  and'or  early  lactation  periods  (Go/I and  Horal,  1997). 

LacUiling  daily  cows  show  peak  milk  yield  between  hand  12  wk  postpaituro 
During  early  lactation,  cows  are  deficient  in  energy  and  other  nutrients  (Wheeler  et  al., 
199i),  largely  hccause  peak  DMI  isnol  reached  unlil  10  to  14  wk  posepummi  (Berries  e< 
al.,  1992).  High  milk  secretion  associated  with  high  demand  for  glucose  and  protein 
generally^ves  rise  to  increased  mobiliealion  of  body  fat  and  protein  mservea.  However, 
cows  mobilize  relatively  more  energy  lhan  they  do  amino  acids  to  support  milk 


pfoduciion  because  of  energy  and  nulriem  dellcier>cies.  This  often  leads  to  the  health 
problems  seen  during  early  laelation.  If  the  additional  energy  and  prolan  needed  to  meet 
the  cow’s  requiremenis  are  not  supplied  by  the  diet,  then  they  must  be  met  by  tissue 
mobiliaution  and  this  may  be  a major  cause  of  the  development  of  metabolic  diseases 
during  the  transition  period  (Drachley.  I99D|. 

Goals  for  the  lron»tion  cow  ore  to  decrease  excessive  mobilizalion  of  fnlty  acids 
bom  adipose  tissue  storage  and  transport  to  liver,  and  lo  minimize  Ihc  depletion  of 
glycogen  stores  from  the  liver.  Most  important,  if  feed  intake  can  be  maintained  or  even 
increased  during  the  transition  period  and  throughout  early  lactation,  when  milk  yield  is 
also  increasing,  this  will  bcuer  mainlain  the  energy  balance  needed  lo  keep  cows  from 
tumbling  into  metabolic  disturbances  that  have  bod  consequences.  Rapid  and  high  mleof 
increase  in  DMI  during  early  lactation  is  essential  lo  provide  energy  and  nuliicnls  to 
support  a rapid  increase  in  milk  yield.  Knowing  that  feed  intake  is  a key  gives  us  the 
opportunity  to  devise  means  to  keep  it  high,  and  lo  use  or  develop  tcchnologiea  or  feeding 
siralegies  lo  bring  about  desired  elTects  especially  during  the  Iasi  3 wk  ofdry  period. 

One  of  the  unique  products  of  biotechno  logy  is  recombinant  bovine  somatotropin 
(rbST  or  simply  bST).  UscofbST  during  lactation  hos  resulted  in  exceptional  increases 
in  milk  production  by  dairy  cows  (Bauman,  1999).  'The  dcvciopmeni  ofrecombinani 
biotechnology  enabled  the  development  of  ibST  which  provided  an  unlimited  and 
affordable  source  of  ST  for  research  and.  subsequently,  for  commercial  applicalioa 
Initially,  availability  of  bST  allowed  researchers  to  conduct  the  first  studies  lo  better 
evaluate  its  cITccis.  These  studies  showed  that  bST  increased  milk  production  by  10  lo  15 
% in  dairy  cows  (Bauman,  1982).  Bovine  somatotropin  has  been  used  extensively  for 


more  than  10  yrin  South  America  and  about  8 yrin  the  US  to  improve  milk  yield  of  cowa 
in  commercial  dairy  hcida. 

UaeofbST  during  the  prepaitum  period  may  offer  a means  lo  cause  positive  and 
benefleial  effects  on  metabolism.  This  is  because  of  the  known  positive  cITecIs  ofbST  on 
feed  intake  during  lactation  and  on  health  of  the  injected  cow  (Eppordelal.,  1996). 
Bovine  somatotropin  also  has  the  ability  to  partition  nutrients,  both  ingested  and  those 
mobilized  from  liver  and  muscle  to  the  mammary  gland  during  lactation.  These  effects,  if 
exerted  during  the  preparrum  period,  may  allow  the  close-up  cow  lo  belter  make  the 
transilion  lo  high  demand  for  energy  and  nulrieni  intake  and  the  active  function  of  the 
liver  and  other  organs  that  provide  the  suhsiraies  for  many  importonl  metabolic  pathways. 
It  already  has  been  shown  that  low  doses  of  bST  have  positive  effecis  on  metabolism, 
hormones  and  milkproduclion  when  injected  U d postpartum  through  60  d (Sianisiewski 

Somatotropin  is  a primary  homeorhetic  regulator  during  pregnancy  and  lactation 
(Bauman  and  Vernon.  1993);  it  regulates  partitioning  of  nuirienis  (caihohydtates.  lipids, 
proieins,  and  minerals),  and  plays  an  impononi  role  in  the  coordination  of  various  organs 
and  tissues  (Bauman.  1992).  To  suppon  milk  synthesis,  metabolism  of  other  tissues  is 
stimulated  to  provide  Ihc  necessary  precursors.  Somaroiropin  also  has  a major  role  in  the 
regulation  of  IGF  concentrations  in  the  circulation.  Insulin  like  growth  factor-1  is  a local 
mediator  of  the  mammary  epithelial  growth  and  development  where  it  stimulates  the 
cellular  activity  of  mammary  giand  (Phillips  et  al.,  1990).  Increase  in  IGF-1  conccnlralion 
in  peripheral  plasma  Is  maintained  with  continued  injections  of  ST  and  Ihe  increase 
parallels  Ihelof  MY  during  the  lactation  period. 


Some  transition  period  trials  aJso  were  performed  to  evaluate  the  elTecia  of 
injecting  a full  doscofbST  (SOO  mg/14  d);  this  practice  oflen  had  negative  effects  on 


parturition,  feed  intake  did  not  increase  immediately  after  hST  ireaunenis  and  resulted  in 
severe  negative  energy  balance  resulting  in  initial  loss  ofBCS  and  subsequent 
reproductive  problems  (Moallem  etol,  2000).  However,  It  has  been  hypethesiaed  that  use 
ofa  low  dose  ofbST  injected  during  the  transition  period  would  improve  a cow’s  overall 
performance,  especially  during  lactation,  without  the  negotive  efTccts  seen  in  earlier  trials 
when  greater  doses  were  used.  Simmons  cl  al.  (1994)  concluded  that  when  bST  (S  and  14 
mg/d)  was  injected  into  cows  during  the  lost  46  d before  pruturition,  DMI  tended  to  be 
about  3 kg/d  greater  alter  parturition.  Salfcrct  al.  (1994)  reported  thoi  postpartum 
treatment  with  bST  resulted  in  higher  mean  DMI  alter  several  weeks  of  injection  and  that 
the  increase  was  dose  dependent.  Gorcie  (I99S)  leportcd  that  cows  injected  with  5 mg 
bST/d  during  both  the  prepanum  and  postpartum  periods  bod  greater  DMI  than 
uninjocted  controls,  or  than  cows  injected  with  5 mgbST/d  only  during  Iheprepartum  or 
only  during  the  postpartum  periods.  Inoddilion,  reports  by  Kerta  et  al.  (1991)  and  Garcia 
(I99S)  indicated  that  cows  in  the  uninjecicd  comiol  group  had  the  greatest  loss  iu  BCS 
and  these  cows  did  not  begin  recovery  of  body  condition  until  8 wk  of  lactation. 

Maintenance  of  laclalion  can  be  described  as  maintaining  Ihe  number  of 
raaramaiy  secreiory  cells  and  their  synthetic  acliviiy  during  a defined  lime  period. 

Change  in  the  amount  of  milk  produced  during  a defined  lime  period  con  be  used  to 
measure  maintenance  of  lactation.  Along  with  mammaiy  gland  related  factors  such  as 
removal  of  the  milk,  other  factors  such  os  environment,  management,  nutrition,  genetics. 


1 in  milk  production  during  the  first  few  weeks  after 


and  milking  fluency  aflbcl  laclalion  peraislency,  a measum  of  mainianance  of  lactation. 
In  dairy  cows.  aAcrpcak  milk  production  is  reached,  gradual  involution  ofmanimaiy 


tissue  occurs  during  ongoing  lactation  in  spite  of  the  frequent  removal  of  milk.  Hence,  a 
decline  in  daily  milk  volume  follows  as  the  number  of  functional  differemialed  epithelial 
celts  in  the  mammary  glar)d  decrease.  Part  of  the  reduction  in  milk  yield  also  nuy  be  due 
to  a reduction  in  the  milk  secretion  rate  of  each  of  the  functional  cells  that  do  remain 
(Mepham.  1987). 

On  the  other  harxl.  dairy  cows  require  a nonlactating  dry  period  between 
successive  lactations.  Mammary  involution  in  this  period  is  characterized  by  a decrease 
in  the  total  number  of  alveoli  per  lobule,  a decrease  in  the  toiai  number  of  alveoli  and 
lobular  volume,  a decrease  in  the  number  of  cel  Is  per  alveolus,  and  an  increase  in  the 
height  of  alveolar  cells  ISchmidu  1971).  Invo)utionin  Ihe  dry  period  is  an  essentia) 
process  for  Ihe  mammary  g)and  so  that  recovery  of  body  reserves  can  occur  to  support 
subsequent  lactation  and  so  that  lactation  also  can  be  reinitiated  at  a high  level.  A period 
of  45  to  60  d generally  has  been  recommended  for  the  dry  period  (Smith  and  Todhunler. 
1982).  According  to  Coppock  ctal.  (1974),  less  than  a 40  d nonlactating  period  decreases 
milk  yield  in  the  subsequent  laclation.  whereas  greater  than  a 60  d nonlactating  period 
incrcasea  feed  costs  with  no  associated  return  and  can  cause  a decrease  in  Ihe  lifetime 


production  of  the  cow.  However,  cows  do  not  produce  milk  during  the  dry  period.  One 
method  to  irtcrease  lactation  milk  production  by  individual  cows  would  be  by 
manipulabng  the  length  of  the  dry  period.  If  the  dry  period  could  be  ^onened  and  if  the 
rate  that  the  mammary  tissue  involution  could  be  aucelcraled,  then  perhaps  one  could 
decrease  these  "unproductive’' days,  and  yet  still  achieve  maximal  milk  yield  during  Ihe 


net!  lactation.  In  this  way  lota]  milk  yield  could  bo  incmascd  but  the  same  number  of 
cows  would  be  milked. 

Mammary  involution  is  a fairly  rapid  process  that  occurs  alter  cessalion  of 
milking.  Regression  of  mammary  secretory  tissue  accompanies  dramatic  changes  io 
composition  of  secretions  during  the  transition  from  lactation  to  involution.  As  indicated 
previously,  dairy  cows  require  a nonlactaiing  dry  period  bcibre  calving  to  achieve 
maximal  milk  production  during  ibenext  lactation  (Coppock  et  aJ.,  1974;  Hurley,  I989t 
Klein  and  Woodward.  1943;  Schaeffer  and  Henderson.  1972).  Adequate  prollferalion 
and  differentiation  of  mammary  secretory  epilhelial  cells  during  the  nonlactaiing  period 
are  essential  for  optimal  secretory  function  in  the  subsequent  lactation  and  the  duration  of 
the  nonlaclaiing  inlerval  is  related  signincanily  to  milk  production  (Akers  und  Nickerson. 
1933). 

Plasmin  and  its  inuclive  zymogen,  plasminogen,  two  of  several  signiliconl 
proteases  in  bovine  milk  (Eigel,  1977).  have  been  implicated  In  the  dcsiruclivc  phases 
during  Ihc  gradual  involution  thul  occurs  as  lactation  advances.  Plasmin  is  an 
extracellular  serine  protease  which  is  formed  by  cleavage  of  a peptide  bond  in  the  single 
polypeptide  chain  of  the  inactive  proenzyme  plasminogen  (Andersen  ct  al..  1 990). 

Plasmin  in  bovine  milk  exisis  mamly  in  its  inactive  form.  Stage  of  lacinilon  afTecis 
plasmin  with  late  lactation  associated  with  higher  concemrations  (Polilis  el  al.,  1 988). 
They  proposed  that  the  increased  plasmin  activity  in  milk  during  late  lactation  may  be 
involved  in  subsequent  niammaiy  gland  involution  (Polilis  cl  ol.,  1990). 

It  has  been  suggested  that  estrogen  administered  ul  cessation  of  milk  removal 
could  accelerate  Che  involution  of  inammaiy  tissue  (Alhie  cc  nl..  19%)  by  accelerating  the 


ociivalion  of  plasminogen  (Alhie  et  al.,  1977).  They  reponed  lhal  concemralionsor 
plasminogen,  plasmin,  and  somatic  cells  in  secretions  were  increased  earlier  in  Holstein 
cows  injected  with  IS  mg  of  estradiol- 1 7|)  on  each  of  the  4 d that  preceded  final  milk 
removal  than  in  control  cows  injected  with  4 mL  of  ethanol.  In  addition,  the  ratio  of 
plasminogen  to  plasmb  io  secretions  decreased  earlier  for  treated  cows  than  for  control 
cows  (Alhie  et  aL,  1 997).  As  a result,  administration  of  esogenous  estrogen  at  llnal  milk 

involution  and  still  left  enough  time  for  the  mammary  regrowih  phase.  Ifiese  results 
suggested  that  the  shorter  dry  period  could  be  incorporated  into  a dry  period  management 
acheme  without  any  adverse  effects  on  the  milk  production  dunng  die  subsequent 


To  be  an  effective  strategy  to  improve  milk  production,  shonening  the  dry  period 
must  be  coupled  with  a good  nutritional  management  piogram  to  allow  cows  to  maintain 
body  condition  and  good  health  aftor  parturition.  An  important  advantage  of  a superior 
feeding  program  during  shortened  dry  periods  would  be  the  ability  to  maintain  good 
rumen  function  when  diets  were  fed  during  the  shortened  dry  period  that  wcin  formulated 
from  constituents  similar  to  those  used  to  fonnulale  the  Inclalion  diet.  Thiswould 
encourage  maintenance  of  a population  of  rumen  mierobes  well  suited  to  the  lactation 
diets  fed  postpartum.  Also,  cows  would  have  the  ability  to  maintain  good  peripurlum 
calcium  metabolism  whether  anionic  or  cationic  diets  were  fed,  thus  they  would  begin 
transition  to  lactation  into  bencr  energy  and  metabolic  status 


Total  cow  numbers  in  Florida  are  about  155,000  and  average  dry  period  length  is 
70  d- If  it  enn  be  shown  that  cows  with  a 30-35  d dry  period  would  produce  just  as  much 


milk  during  the  next  lactation  as  those  with  60-70  d dry  period  and  with  no  negative 
cflects  of  short  dry  period  on  health  or  subsequent  milk  production,  then  an  opportunity 
exists  for  dairy  producers  to  earn  extra  money.  This  extra  income  would  arise  from  the 
cxiended  number  ofda>^  in  milk  during  the  current  lactation.  For  example,  an  extra  IS- 
20  kg  of  milk/d  could  be  sold  us  a result  of  extra  days  in  milk  that  would  otherwise  be 
lost  if  the  cows  were  dry  for  the  full  60  d.  Of  course,  in  order  to  adopt  this  practice,  cows 
should  be  producing  enough  milk  at  the  60  d dry  period  murk  and  have  a good  BCS 
(minimum  2.26 1,  and  they  should  be  given  suriieient  nutrients  to  support  their  needs 
during  the  next  30  d of  lactation. 

The  surGtee  of  the  rumen  mucosa  is  characteriaed  by  ruminal  papillae,  which  can 
be  defined  as  organs  of  absorption.  Their  distribulion.  size  and  number  are  closely  related 
10  feeding  habits,  forage  availability  artd  digestibility.  The  typical  features  of  rumen 
papillae  are  genetically  fixed  but  may  vary  considerably  under  differenl  feeding 
conditions,  resuliing  in  acute  and  usually  temporary  or  seasonal  adaptations  (Dirksen  et 
al..  19BS).  For  example,  increasing  proportions  orbutyric  and  propionic  acids  that 
increase  ruminal  blood  flow  also  slimulales  mucosal  milosis.  This  results  in  vascular 
budding  and  epithelial  cell  proliferation.  Thus,  there  arc  increases  in  number  and  size  of 
papillae  within  the  rumen.  Changes  in  the  numbers  and  devciopritent  of  rumen  papillae  m 
response  to  nulritional  changes  requires  an  adaptation  period  of  2 to  3 wk  (Dirksen  et  al.. 

Microorganisms  in  the  rumen  depend  on  iheruminam  animal  lo  provide  the 
physiological  condilions  necessary  for  Iheir  existence.  In  lum,  these  microoigaiiisms  are 
essential  for  digestion  and  fermentation  of  large  amounts  of  fibrous  feeds  that  the 


niminanl  consumes,  bul  olhenvise  could  not  use  efllcicnlly.  Thus,  by  providing  a suitable 
and  consisient  environment  for  these  microorganisms,  the  ruminant  is  able  to  use  the  cnd< 

microorganisms  shows  that  there  is  a high  level  of  variation  among  cows.  The  large 
diversity  in  the  types  of  microbes  found  in  the  rumen  is  a relleclioit.  to  some  exient,  on 
the  diet.  Growth  of  microorganisms  and  crficicnt  fermentation  of  feed  by 
microorganisms  depends  on  a conslani  and  suitable  environment  (Von  Soest,  1 9B2). 
Changes  in  feed  and  feed  composition  (as  well  as  rumen  pH)  cause  a shift  in 


absorption  of  products  of  this  fermentation.  Changing  the  diet  of  the  animal  provokes  a 


difTcrent  species  in  the  rumen  to  shift  until  a new  balance  is  established,  one  which  best 


papulation.  Adaptation  typically  takes  several  days  to  weeks  to  occur  (Dirksen  ct  al.. 

1985;  Yokoyoma  and  Johnson,  1988). 

The  current  standard  60  d dry  period  allows  nutritional  management  of  dry  cows 
to  be  o^enixed  in  two  difTcrent  phases;  far-olT(FOD)  and  closc-up  dry  (CUD)  periods. 
During  these  periods,  diets  given  to  animals  vary  due  to  the  metabolic  dllTcrenccs  of  cows 
during  these  ^on  lime  periods.  Diet  changes  ftom  lactation  diet  to  rar-ofrdicL  from  far- 
off  diet  to  close-up  dry  diet,  and  from  closc-up  dry  diet  to  lactation  diel  forces  microbes 
in  Ihe  rumen  to  adapt  three  times  during  a short  lime  period.  It  also  is  likely  that  feed 


! rumen  microbial  population  which  causes  the  proportions  of  the 


s.  This  is  referred  to  as  adaptation  of  the  microbial 


miake  is  changing  and  limned  as  cows  approach  calving.  These  changes  in  diet  ofTcred 
probably  further  decrease  the  feed  intake,  and  likely  limit  Ihe  increase  in  feed  intake 


10 

immediaiely  aAcr  porturiiion.  This  is  s concern  because  early  laclaiioir  is  when  greaier 
feed  inuke  arul  more  efficienl  fermcnlaiion/urilizalion  ofingceied  feed  is  desired.  If 
length  of  (he  dry  period  can  he  dccrcsscd  lo  ^30  d.  (hen  a beKer  feeding  program  can  be 
developed  with  diets  formulated  from  constituents  similar  lo  those  that  are  used  to 
formulaic  the  lactation  diet.  This  will  ciKouragc  maintenance  of  a better  rumen  microbial 
population,  better  rumen  papillae  development,  and  greaier  pertponal  calcium 
metabolism.  Therefore  it  should  allow  greater  and  more  r^id  increase  in  feed  intake, 
should  stimulate  elTicient  fermentation  and  absorption,  and  should  ofTer  belter  resistance 
10  metabolic  dtsordera  during  early  lactatiorL 

The  major  objectives  of  this  research  were  to  evaluate  the  use  of  bST  during  the 
Iratisuion  period  and  to  evaluate  dry  period  length.  Thus,  two  studies  were  conducted  at 
the  Dairy  Research  Unii  (DRU)  of  the  University  of  Florida.  The  main  objective  of  the 
first  study  was  ID  evaluate  the  cfTccis  ofbSTon  feedinlake.  BCSand  BW  pre-  and 
postpartum;  to  evaluate  the  overall  yield  of  milk  during  Inciation;  and  determine  any 
adverse  or  positive  elTecIs  on  the  health  of  the  animal.  The  mninobjecltvesofthe  second 
study  were  to  evaluate  dry  period  length  (60  vs  30  d),  the  use  of  ECP  injections  to 
enhance  speed  ordry>o^,  the  types  of  preparlum  transition  diets  (anionic  or  eaiionic),  and 
supplemental  injections  ofbST  during  the  transition  period  by  measuring  DMI,  BW. 

BCS.  milk  production,  and  cow  health  during  subsequent  lactation. 


CHAPTER! 

USE  OF  bST  IN  MANAGEMENT  OF  THE  TRANSITION  DAIRY  COW  TO 
INCREASE  FEED  INTAKE,  IMPROVE  MILK  YIELDS  AND  DECREASE 
HEALTH  PROBLEMS 

Iniroduction 

During  the  early  20'"  emury  cxceplional  discoveries  allowed  better 
luidcr^onding  of  the  basic  biology  oT growth  and  development.  Biotechnology 
followed  the  advances  in  applied  and  basic  science  and  had  an  important  impact  on 
agriculture  as  well.  One  of  the  unique  products  of  biotechnology  is  recombinant  bovine 
somatotropin  (rbST  or  ST)  which  resulted  in  on  cxceplionol  increase  in  milk  production 
by  dairy  cows  when  injected  during  ongoing  lactation.  For  example,  the  theoretical 
annual  gain  in  milk  yield  with  modem  reproductive  technologies  such  os  artificial 
insemination  (Al),  Al  and  semen  sexing,  and  A1  and  embryo  irons  for  con  be  as  much  as 
100, 1 IS  and  13S  kg.  respectively  (Bauman,  10S6),  However,  improvemcnl  in  milk 
yield  by  administration  ofbST  can  result  in  2000  kg  of  additional  milk  yield  per 
lactation  (Bauman  el  ah,  I98S),  This  increose  would  be  equal  to  that  normally  achieved 
by  Al  and  genetic  selection  over  a 10>20yr  period  (Bauman,  1999). 

As  early  as  the  1930s.  growth-promoting  efTccIs  ofSTwere  characterized. 

Evans  and  Simpson  (1931)  ^owed  that  crude  extracts  of  bovine  pituitary  increased  the 
growth  rare  of  rats.  In  1937.  two  Russian  scientists,  Asimov  and  Krouze,  performed  the 
first  bST  research  using  600  lactaiing  dairy  cows.  These  researchers  found  that 


injecting  cows  with  cctracis  of  the  piiuiisnesofslaughlcred  cowsresuUed  in  increased 
milk  production.  Rescorch  continued  during  and  alicr  World  War  II  as  scientists  sought 
an  effective  means  of  increasing  food  production.  However,  the  amount  of  ST  from 
each  pituitary  was  small  that  this  source  would  not  be  practical  for  improving  total  milk 
production  (Young,  1947). 

As  indicated,  the  arrival  of  modem  technology  enabled  the  development  of 
rccombinanl  bovine  somalotrophin  (tbST)  which  provided  an  imJimiled  source  ofST 
for  research  and,  potcniially.  for  commercial  application.  This  allowed  researchers  to 
conduct  many  studies  using  recombinant  bST.  From  these  studies  it  was  concluded  that 
exogenous  ST  could  increase  milk  production  of  dairy  cows  at  least  lOlolSTk 
(Bauman,  1982). 

Objective  ofcurreui  rcseamh  was  to  evaluate  the  effects  ofprepanum  and 
posipanum  treatment  of  cows  withbST  on  milk  yield,  BCS  and  BW,  and  to  evaluate 


conducted  ul  the  Dairy  Research  Unit  (DRU)  of  the  University  of  Florida  and  used 


Secretion  of  ST  Irom  the  anterior  pituitary  gland  is  controlled  by  a complex 
neuroendocrine  system  that  triggers  neural  afferent  stimuli.  This  results  in  slimulalion 
and/or  inhibition  of  ST  secrelion  through  growth  hormone  releasing  hormone  (OHRH) 
and  somatostatin  (SS)  ofihe  hypothalamus,  respcciively.  Electrical  stimulation  of  the 


. This  study  was 


omeUial  hypothalamic 


. where  secretion  of  GHRH  i 


s,  results  in  a 


marked  increase  in  plasmn  concentrations  of  ST.  The  ventromedial  nucleus  and  ventral- 
basal  hypothalamus  are  the  only  regions  that  are  capable  of  this  response.  Stimulation 
of  the  paraventricular  somalostatic  area  resulted  in  a decrease  in  blood  concentrations 
ofST  (Martin, 1972). 

Negative  feedback  control  of  the  pituitary  is  exerted  at  the  pituitary  level  by 

of  SS,  whereas  p-adrenergic  stimulation  inhibits  GHRK  secretion  (Martin.  1972). 
Norepinephrine,  a monoaminergic  neurotransmitier,  regulates  the  release  of  GHRH  end 
SS  into  the  hypophysial  ponal  blood.  In  rats,  inhibition  of  norepinephrine  synthesis  or 
blockade  of  o2 -adrenergic  receptors  reduces  concentrations  of  ST  in  plasma  and 
eliminates  spontaneous  pulses  of  ST  (Muller,  I9S7).  On  the  other  hand,  activation  of 
a2-adrenergic  receptors  stimulates  secretion  of  ST  (Terry  and  Martin,  1981). 

Somatotropin  is  secreted  from  somatotropic  cells  located  in  the  anterior 
pituitary  gland.  Sensory  impulses  from  the  periphery  terminalc  in  the  hypothalamus, 
activating  neurosccrelory  axons  in  this  area.  These  secretory  axons  secrete  GHRH  or 
SS  into  the  capillary  loops  of  the  median  eminence.  Capillaries  converge  into  the  portal 
liunks  of  the  neural  stalk,  pass  to  the  anterior  pituitary  gland,  and  break  up  into  venous 
sinusoids,  where  iheyslimuiale  or  inhibit  the  secretion  of  ST  (Muller  el  al.,  1999). 


IS,  a variety  of  nourotransmillcrs  such  as  norepinephrine,  dopamine,  and  serotonin 


play  a role  in  the  neuroendocrine  regulation  of  ST  secretion.  Growth  hormone  releasing 
hormone  and  SS  aci  in  a somatotropic  cell  via  an  adenylaie  cyclase  Iraitsduction 


adenylotc  cyclase  via  intoraclton  with  ihe  regulaiory  coupling  G prolein.  Aclivaiion  of 
adcnylaic  cyclase  convens  ATP  inlo  cAMP.  which  aciivaies  cAMP  dependent  prolein 
kinase  end  this  rcsnlla  inaeerclion  of  ST.  Somaloslalin  acts  via  iu  inhibitory  receptor 


and  inhibits  Ihe  activation  of  adenylate  cyclase.  In  ml  somatotropic  cells,  low 


concentralions  of  Ca  caused  reduced  secretion  of  ST  (Mandell  el  al..  1938).  In 
addition  to  this  finding.  GHRH  enhanced  tnlra-cellularCa  levels  when  SS  reduced  the 
level  ofCa  in  somatotropic  cells  (Holl,  1988).  Thus,  inosilol  phospholipids  and  Ca  also 
were  implicaled  lo  be  involved  with  somatotropic  cell  secretion  of  ST. 

Evidence  suggests  that  nutritional  status  plays  a major  role  in  deiennbing 
circulating  concentrations  of  ST.  Starvation  caused  cicvaled  concentrations  of  ST  in 
pigsfAlinmo  ei  al..  1978),  sheep  (Driver  and  Forbes,  1981).  and  humans  (Merimee. 
1980).  Underfed  cows  also  had  higher  ccnccnlrations  of  ST  in  plasma  than  well-fed 
herdmalea  (Hart  el  a]„  1978).  Thus,  it  was  not  surprising  that  non-esterified  fatty  acids 
(NEFA).  glucose,  leptin,  and  neuropeptide  Y also  appeared  lo  influence  release  of  ST 
(Smith  el  al.,  1996).  The  direct  Inhibition  of  ST  release  (ram  Ihe  anterior  pituitary  gland 
byNEFAisspeculaledto  complete  a feedback  loop  because  ST  Is  known  lo  stimulate 
lipid  mobilization  (Imakicial.,  1986;  Smith  el  al..  1996).  However,  a decrease  in 
plasma  NEFA  caused  a rise  in  plasma  concentrations  ofST  IMcriracc,  1980). 

Glucose  is  an  important  regulator  of  ST  secretion.  Hypoglycemia  stimulated 
secretion  of  ST  in  humans  (Brodows  el  al.,  1973),  whereas  acute  admmislialion  of 
glucose  inhibiled  secretion  of  ST  (Scanlon  el  al..  1996).  Inconiraal.  INS  induced 


hypcglycemia  or  intnccllular  glucopcnio  iiUiibilcd  pulsatile  ST  secretion  in  rals 
through  stimulation  ofSS  release  from  the  hypolhalamua  (Tannebaumond  Martin, 
1976).  Leplln  appeared  lo  siiinulaie  ST  secretion  by  altering  GHRK  and  SS  release 
from  the  hypothalamus  (Carro  el  ah,  1997), 

Secretion  Pinem  of  Somatoifooin 

secretion  ofST  was  synclironous  with  ST  secretory  peaks  that  occurred  at  3-4  h 
intervals  (Tannebaum  et  al..  1976).  In  male  rats,  ST  secretion  occurred  in  discrete 
pulses  with  low  interpeak  levels,  whereas  female  rats  showed  lesspulsalllity  and  higher 
inlerpeak  levels  (Clark  and  Robinson,  1988).  Women  have  higher  overall 
concentrations  of  ST  with  a higher  pulse  amplitude  and  baseline,  but  the  Irequcncyof 
pulses  were  the  same  as  In  males  (Muller  cl  ah.  1999).  In  contrast,  secretion  of  ST  in 
cattle  followed  an  episodic  pattern  rather  than  being  synchronous.  Episodic  pulses  of 
ST  were  seen  throughout  the  24  h eycle.  There  appeared  to  be  considerable  variation  in 
the  secretion  pattern  of  ST  among  individual  cows  and  no  association  of  time  of 
feeding  or  lime  of  day  was  observed  (Davis  cl  ah,  1977).  Bulls  exhibited  greater 
amplitude  of  ST  episodes  than  steers  with  no  significant  differences  in  baseline  values 
(Davis  ei  ah.  1977).  Basal  and  pulsatile  release  of  ST  were  regulated  di(fetenlly  by 
adiposity  and  steroid  hormones.  Average  concentration  of  ST  in  plasma  was  lower  in 
heifer  calves  than  in  bull  calves  at  S mn  of  age  and  basal  secretion  ofST  was  correlated 
negatively  with  circulating  estrogen,  wherca.s  il  was  correlated  positively  with 
circulating  testosterone  (Muller  el  ah.  1999). 


Somaioironin  Gene 

Tbe  ST  gene  is  a part  of  a large  gene  family  including  ST.  prolactin  (PRL).  and 
the  placental  lactogens  (PL)  which  also  are  known  as  chorionic  somatomommotropms 
(CS;  Slater  et  al.,  19S6).  The  latter  ore  thought  to  have  arisen  as  a result  of  gene 
duplication.  The  ST  gene  has  five  exons  and  four  introns,  covering  ^proximatciy  2.6 

rainbow  trout  the  gene  is  3.5  and  4.5  kilobase  pairs,  respectively,  due  to  the  larger 
intion  sizes  (Tanaka  et  aJ..  1992;  Angellun  et  ai..  I9&8).  In  primates,  unlike  in  most 
mammoJa.  there  are  multiple  ST  genes  that  include  ST-N  and  ST-V.  The  ST-N  gene  is 
expressed  in  somatotropic  cells  of  the  anterior  pituitary  , whereas  the  ST-V  gene  is 
expressed  In  placental  tissues  (Tuggle  and  Trenkle,  1996). 

Sltucture  of  Bovine  Somatotromn 

Bovine  somatotropin  is  composed  of  190  or  191  amino  acids  and  has  a 
molecular  TTtsss  of  approximately  22.000  daltons  (Andrews,  1966).  The  amino  acid 
sequence  of  bST,  which  gives  it  its  three-dimensional  shape,  difTera  by  about  35%  from 
that  of  human  ST  (Carr  and  Friesen,  1976).  The  amino  acid  at  position  number  127  in 
the  sequence  can  be  either  leucine  or  voiine.  In  odd! lion,  ST  containing  only  190  amino 
acids  has  a phenylalanine  al  the  NH;  lerminus  rather  than  alanine  that  is  found  in  the 

the  signal  peptide  and  thus,  four  different  variants  ofbST  are  produced  natunilly 
(Wood.  1989). 


Bovine  somololropin  has  four  enliparailel  cc  helices  packaged  close  logelher 
which  gives  the  protein  a somewhat  stjuare  appearance  with  a left-handed  twisted 


handle(Figure2-l).  A bend  in  n helix  number  two  of26J  degrees  is  caused  by  ammo 

throughout  ST of  difTerent  speciesfCarlacci  et  ak,  1991).  Bovine  somatotropin 
consists  mainly  ofo  hydrophobic  core.  In  the  helical  region  there  are  47  hydrophobic 
side  chains.  Over  90%  of  all  hydrophobic  chains  on  the  helices  arc  buried  inside  ducio 
either  the  packaging  of  the  helices  or  loops  (Corlacci  cl  al.,  1991).  Disulfide  bridges  are 
known  to  contribute  significantly  to  the  stability  of  the  molecular  structures  of  mnny 
proteins  (Havel  el  aL.  1939).  The  interaction  caused  by  the  two  disulfide  bonds  of  ST 
between  the  helices  and  loops  plays  the  key  role  In  stabilizing  the  protein  for 
clcclrostaiic  and  nonbonded  interactions. 

The  disulfide  bridges  are  tbimcd  between  cysteine  residues  with  both 
connecting  a loop  to  a helix.  The  lirsi  disullide  bridge  connects  the  hooking  middle  of 
one  of  the  long  loops  (amino  acid  number  S3)  with  helix  4 (amino  acid  number  164) 
which  pulls  Ihe  longloop  onto  the  surface  of  the  bundle  (Havel  el  al..  1989).  The 
second  disulfide  bridge  hooka  Ihe  small  loop  of  the  C-lermitial  segment  (amino  acid 


number  (89)  to  thc4lh  helix  (amino  acid  number  181 ) which  forces  the  C'lerminal 
segment  to  bend  toward  the  helix  bundle  IHnvcl  cl  ah,  1989).  The  loops  of  the  ST. 
which  hold  Ihe  cysteine  residues  for  the  disullide  bonds,  consist  of  32  hydrophobic  side 
chains.  Of  the  32  side  chains  17  are  completely  or  portly  buried  either  between  the 
helix  and  loop  or  between  Ihe  loops  themselves  (Cariaccj  cl  ah,  1991).  The  structure  of 


ST  is  composed  of  four-helix  bundle  proteins.  The  first  a helix  is  composed  of  26 
amino  acids,  the  second  is  composed  of  2 1 amino  acids,  the  third  is  composed  of  22 
amino  acids  and  the  fourth  has  30  amino  acids  (AbdelMeguid  el  ah.  1987).  The  rest  of 
the  protein  is  composed  of  two  long  loops  with  40  and  24  amino  acids,  respectively  and 
a short  loop  with  9 ammo  acids.  The  long  loops  arc  between  helices  I and  2 and 
between  3 and  4,  The  short  loop  is  between  helices  2 and  3 (Carlacci  ct  al,,  1991).  Six 
amino  acid  residues  arc  attached  to  the  N-lcmtinus  of  o helix  number  I and  8 amino 
acids  are  attached  to  the  C'lermimis  of  alpha  helix  number  4. 

Somalolronin  Receolor 

Somatotropin  exerts  cellular  actions  as  a result  of  its  specific  membrane  bound 
receptors.  These  receptors  are  the  first  of  the  class  I cytokine  receptors  to  be  cloned 
(Leung  el  al..  1987).  The  cytokine  receptor  snperfamily  is  composed  of  15  members 
including  FRL,  interleukins  (2  through  7),  crylhropoielin.  oncoslatin  M.  and  the  leptin 
receptors.  This  family  of  receptors  has  common  features  such  as  a single  membrane 
spanning  domain,  two  pairs  of  cysteines  and  a conserved  tryptophan  adjacent  to  the 
cysteine  in  the  N-lemtinal  module,  absence  of  intrinsic  protein  kinase  acliviiy.and  a 
proline-rich  region  in  the  cytoplasmic  domain  (&axan,  1989).  These  proline.rich 
regions  arc  central  to  signaling  because  they  bind  the  iumis  Kinases  (JAKs),  the  major 
mediators  of  this  class  of  cytokine  rcccpior  (Waters  cl  al..  1999), 

The  cytokine  receptor  superfamily  has  a three-domain  organixalion  including  an 
extracellular  ligand  binding  domain,  a single  transmembrane  segment,  and  an 
Imracellulardomain.  The  mature  ST  receplons  620  residues  long,  with  246  residues  of 


ihe  extracellular  domain  and  350  residues  oTihe  iniraccUular  domain.  The  exiracellular 


region  also  contains  2 flbronectin  P sandwich  domains  that  are  closely  related  to  PRl 
and  erythropoietin  reeeptors(Godowaki  el  al..  1980),  Human  ST  receptor  con»sla  of 
10  exons  spanning  85  kb.  with  the  receptor  jlaclf  being  coded  by  9 exons  lhal  yield  an 
mRNAof4.2  kb  IGodowski  et  al..  1989).  Multiple  exons  racllilalc  the  regulation  of 
receptor  expression  In  dirferent  tissues  in  response  to  difTerent  stimuli  (Adams,  1995). 

The  mechanisms  by  which  ST  regulates  the  transcription  oTgenes  required  for 
body  growth  and  tts  regulation  are  being  delineated.  It  has  been  suggested  that  signal 
transducers  and  activators  of  transcription  (ST  AT)  ore  key  contributors  to  ST  signaling 
□nd  to  the  mechanisms  by  which  ST  activates  genes  that  lend  to  its  physiologicat 
actions  (Figure  2<2).  ST  ATI,  3. 5a  and  5b  arc  lightly  regulated  by  ST~ST  receptor  and 
JAK2  interactions  and  participate  in  the  regulation  of  many  genes  associated  with 
growth  and  metabolic  cITccts.  Somatotropin  uses  two  di Cerent  sites  to  bind  identically 
to  two  different  receptors.  Dimerization  ofrcccptoiaby  the  hormone  causes  activation 

activates  the  receptor  associated  )AK  family  of  tyrosine  kinases.  JAK2  phosphorylales 
Tyrosines  within  itself  and  Ihe  ST  receptor.  These  tyrosines  form  binding  sites  for  a 
number  of  signaling  proteins,  including  members  of  the  family  ofSTATs  which  play 
very  important  roles  in  the  regulation  of  gene  transcription  (Wells.  1996).  ST  AT 
proteins  are  latent,  sre  homology  domain  2 (SH2)  containing  cytoplasmic  factors. 
Studies  with  ST  receptors  indicated  that  JAIC2  can  activate  ST  AT  1. 3. 5 a,  and  Sb. 
Activated  ST AT  proteins  then  yield  helero-  or  homodlmcrs  via  an  SH2  phosphorylalcd 
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Figure  2-2.  Sigaaling  und  regulation  oflhe  transcripiian  ractorebyST.  Adapted  Ikntt 
Herrington  et  al.  (2000). 


tyrosine  interaction  which  enters  the  nucleus  of  the  celU  binds  to  DNA.  and  activates 
transcription  of  target  genes  (Schindler  and  Darnell,  I99S). 


Somatotropin  is  a major  regulator  of  growth  in  mammals.  In  the  liver  ST 
reguiaiea  the  expression  of  a wide  range  of  proteins  ineluding  homione  receplors  and 
growth  factors,  secretory  products,  and  enzymes  such  as  cytochrome  P4S0  (Norstedt  et 
aJ..  1990).  Somatotropin  also  has  a unique  effect  on  stimulating  mammary  gland 
development  (Feldman  cl  ah,  1993)  and  lactation  (Barber  ei  ah,  1992). 

TypicaiMY  response  to  bST  is  an  increase  of  at  least  10-15%.  However,  the 
response  can  be  much  greater  with  better  care  and  management  of  Oie  cows  (Baiunon  el 
ah.  1985;  NRC.  1994).  Alter  the  first  few  daya  of  bST  iroatmcnl,  MY  increases 
grsdualiy  and  reaches  a peak  and  the  increase  isniamiained  with  continuous  injections 
of  bST.  Milk  yield  gradually  returns  to  normal  pre-mjection  levels  after  cessation  of 
treatment  (Bauman  el  ah,  1999). 

Obtaining  a milk  yield  response  to  bST  does  not  require  special  diets  or 
different  feed  ingredicols.  Substantial  milk  yield  responses  have  been  observed  on 
diets  ranging  from  pasture  to  the  more  typical  total  mixed  ration  (TMR)  diets. 

However,  dry  matter  intake  (DMI)  increases  in  bST  treated  cows  altera  few  weeks  of 
the  supplementation  and  persists  throughoul  the  interval  ofbST  use.  Thus,  ircsicd  cows 
require  adequate  amounts  of  a balanced  dicl  rather  than  a special  dici  |NRC.  1994). 


Effecuof  bST  BP  iht  Maramarv  Glind 

In  early  years  of  study  on  actions  of  ST  it  was  concluded  iJiat  a direct  effect  of 
ST  on  mammary  gland  development  was  unlikely.  Studies  failed  to  detect  on  ST 
receptor  on  the  mammary  epithelial  cell  oflhecow  (Gettler  el  al..  1934),  Moreover, 
in  Fusions  of  ST  directly  into  mammary  artery  of  sheep  did  not  stimulate  milk 
production  (McDowell  et  al.,  1937).  However,  in  rodenls,  a direct  cITcel  of  ST  on 
mammary  development  and  function  was  established  (Flint  and  Gardner,  1994; 
KIctnberg,  1997).  Although  most  evidence  suggested  an  indirect  elTect  of  ST  on 


mRNA  for  the  ST  receptor  in  raammaiy  gland  (Glim  et  al.,  1 990).  Funhermore, 
immunologic  staining  of  ST  receptors  in  mammary  tissue  of  pregnant  and  laclating 
cows  also  was  reported  (Plalh-Gobler  el  aU  2001).  Collier  el  al  (1993)  observed  a 
signihcanl  effect  of  ST  on  mammary  growth  of  pregnant  heifers  when  it  was 
administered  through  the  teal  canal.  However,  as  indicated,  unilateral  close  arterial 
infusion  of  ST  into  one-half  mammary  gland  of  sheep  did  not  increase  milk  yield 
performance  over  Ihc  tininjecled  half  (McDowell  el  al.,  1937).  Funhermore,  ST 
administration  Ihiough  the  teat  coital  ofloctating  goals  did  not  result  in  increased  milk 
pmduclion  response  (Seijsen  and  Knight,  1994)  This  lallcrresponse  would  be 
espeeted  unless  Ihere  was  uptake  of  ST  across  the  apical  membrane  of  the  epilhelial 
cells  or  uptake  into  the  general  circulation  and  subsequent  action  in  mammary  gland. 

The  acute  rise  in  MY  in  response  to  bST  and  rapid  decline  afler  discontinuing 
bST  injection  argues  against  cell  proliferation  being  caused  by  ST  in  the  short-term. 


, it  was  found  that  ruminants  also  expressed 


Knight  el  at.  (1994)  observed  that  ST  Ireaimem  did  not  afTecI  the  amoanl  ofmamtnary 
parenchyma  and  BrdU-labeling  of  mammary  epithelial  cells  in  tvvo  during  the  first  6 
wk  of  lactation.  On  the  other  hand,  a large  increase  in  parenchymal  volume  was 


et  al..  1990).  Other  siudies  with  cows  and  goals  have  established  trends  and/or 
significant  increases  in  key  enzymes  due  to  bST  in  the  mammary  gland  such  as  acetyl 
CoA  carboxylase,  acetyl  CoA  synthetase  and  fatty  acid  synihclasc.  Thus.  bST  diieclly 
and/or  indirectly  causes  an  increase  in  Ihc  rates  ofmilk  synthesis  per  cell  and  an 
improved  maimenanceofsecrelory  cells  (Bauman  and  Vernon,  1993;  Ethenon  and 
Bauman  1998). 

One  of  Ihc  mechanisms  by  which  ST  alTecis  mammary  gland  function  is  vis  an 
indirect  effect  on  mammary  tissue  by  action  of  IGP-I  (Cohick.  1998).  Concemralions 
and  actions  oflGF'l  likely  are  the  most  important  link  to  tissue  response  when  higher 
concentrations  of  ST  occur  either  because  it  is  injected  or  because  of  greater  secretion 
From  the  anterior  pituitary.  Somatotropia  has  a major  role  in  regulating  the 
concentrations  oflGFs  that  are  in  the  circulation.  Conccntralionsof  IGF-I  increase 
during  bST  treatments  via  both  induced  release  of  IGF-i  from  a hepatic  storage  pool 
and  because  of  greater  biosynthesis  of  IGF-I.  Biosynthesis  is  regulated  by  increased 
mRhlA  levels  and  mRNA  stability  (Sharma  clal.,  1994).  Increase  in  IGF*I 
concentration  was  mamlained  with  continued  injections  of  ST  and  Ihc  increase  in  MY 
was  parallel  to  the  increase  in  IGF-I.  Cessation  of  ST  supplementation  yielded  a 


parallel  decrease  in  both  MY  and  blood  conccniraTions  oflGF-I  (SliamiB  cl  al.,  19941. 


Insulin-tike  growth  faclor-l  has  both  nulocnne  and  paracrine  aciions  in  addition 


to  its  endocrine  actions  (McGuire  ei  ak,  1992).  At  the  cellular  level.  IGF-I  locally 
stimulated  amino  acid  transport,  synthesis  ofRNA  and  DNA.  and  synthesis  oteellular 
proteins  (Phillips  ei  al.,  1990).  Receptors  for  IGF-I  were  demonstrated  in  mammary 
tissue  and  IGF-I  wasa  loeal  mediator  of  mammary  epithelial  growth  and  development 
(Forsyth.  1996t  Vega  el  al..  1991).  Intittlobular  stromal  cells,  small  blood  vessels,  and 
capillaries  contain  IGF-I  receptors  in  Ihe  mammary  gland  (Glimm  el  al..  1992).  During 
ST  trealmcnis.  IGF-I  binds  in  the  cytoplasm  and  the  stroma  of  epithelial  cells.  Insulin 
like  growth  faclor-I  stimulates  the  cellular  acllvily  of  mammary  gland,  it  increases 
synthesis  ofRNA  and  DNA.  and  the  synthesis  of  cellular  proteins.  Therefore,  il  is  a 
local  mediator  of  mammary  epithelial  growth  and  development  (Phillips  cl  al..  1990). 
Inleresiingly,  close  arterial  infusions  oflGF-l  into  mammary  gland  of  goal,  but  not 
systemic  infusions  of  IGF-I,  increased  MY  dramatically  (Prosser  el  al..  1996). 

However,  lactational  response  to  close  arterial  infusion  of  IGF-1  was  much  less  than 
that  of  sysiemalic  bST  treaimenis  which  suggests  that  the  mechanism  of  sclion  ofbST 
with  regard  to  stimulatory  effects  on  MY  cannot  be  bmired  only  to  the  known  elTecu  of 


Somatotropin  esens  many  different  effects  on  protein  metabolism  in  both 
mammary  and  non-mammary  tissues.  Bovine  somatotropin  increases  milk  yield  with  no 
change  in  milk  composition,  unless  there  is  energy  dclicicncy.  It  provokes  milk  yield 
increase  because  of  an  overall  increase  in  blood  supply  to  mammary  gland  (water 
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uptake),  oilers  glucose  mclobolism  (lactose  synthesis  in  ihe  mommory  gland),  cnhonceo 
lipolysissitd  increoses  lipogenesis  in  the  mommaiy  glond  (supply  of  lipid  prccurcon), 
end  also  modifies  protein  metabolisni  (supply  of  amino  acids).  As  a result,  milk  yield 
increases  and  the  composition  of  milk  docs  not  change  from  normal  (Bauman.  1999). 

Increased  MY  response  due  to  ST  is  due  mainly  to  altered  partitioning  of 
nutrients  in  fovor  of  mammary  glands  and  to  an  increase  in  the  synthetic  capacity 
and/or  longevrtyofllic  milk  synthesizing  cells  (Bauman  and  Vernon,  1993). 
Somalorropm  is  a primary  homcoihctic  regulator  during  pregnancy  and  lactation 
(Bauman  and  Currie.  1930):  It  regulates  panilioning  of  nutrients  (caifnhydrates,  lipids, 
proteins,  and  minerals)  and  plays  an  important  role  in  the  coordination  of  various 
oigans  and  tissues  (Bauman,  1992).  To  support  milk  synthesis,  the  metobolism  of 
other  tissues  is  stimulated  to  provide  the  necessary  precursors. 

Carbohydrate  metabolism 

During  early  laclation  glucose  is  used  almost  exclusively  by  the  mammary 
glands  (exceplious  ate  nervous  system  and  brain),  and  MY  is  heavily  dependent  upon 
increased  glucose  supply  to  the  gland.  IfbST  is  to  increase  milk  yield,  then  it  must  act 
in  a way  to  direct  more  glucose  to  the  mammary  gland.  This  can  occur  through  a 
variety  of  individual  actions  of  bST.  First,  bST  increases  mammary  blood  (low  so  that 
more  blood  perluses  the  mammary  gland  and  increased  uptake  of  glucose  can  occur 
(Davis  el  al.,  1938).  A decreased  ability  of  INS  to  inhibit  gluconeogenesis  is  observed 


following  bST  trcalmcnts.  Both  in  vivo  (Cohick  cl  al.,  1989)  and  m viiro  (Knapp  el 
aL.  1 992)  studies  demonstrated  that  hepatic  rules  of  gluconeogenesis  were  increased 
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during  trcatincni  of  dairy  COM'S  with  bST.  Furthermore,  ST  decreased  sensitivity  of  INS 
receptors  to  INS  in  the  peripheral  tissues  and  this  resulted  in  decreased  overall  uptake 
of  glucose  in  peripheral  body  tissues.  This  minimized  the  oxidation  of  glucose  to  COj, 
and  as  a consequence  more  glucose  was  made  available  to  the  udder.  Somatotropin  also 
stimulated  increased  feed  intake,  and  as  a result,  more  propionate  was  produced  in  the 
reticulo*rumen  and  became  available  for  gluconeogenesis  (Beauvilleet  at..  1992).  !« 
vitro  studies  of  liver  tissue  of  ST  treated  cows  showed  a 60%  increase  in  capacity  to  use 
propionate  for  glucose  synthesis  (Knapp  el  al..  1992). 

Pyruvate  carboxylase  (PC)  and  phosphoenolpyruvaie  corboxykinase  (PEPCK) 
are  potential  ratedimiUng  enzymes  for  hepatic  gluconeogenesis  during  the  tmnsilion 
period  (Greenfield  ct  al.,  2000).  It  was  speculated  that  exogenous  ST  would  increase 
mRNA  synthesis  in  the  liver  that  coded  for  these  enzymes  (Bauman,  1999).  On  the 
other  hand.  Perking  et  al.  (2001)  concluded  bST  stimulation  ofmillt  production  was 
not  mediated  through  enhanced  liver  gluconcogensis  in  cows  80  DIM.  Somatotropin 
also  increased  lipid  mobilization  and  more  glycerol  then  was  available  as  a precursor 
for  gluconeogenesis.  The  sum  total  of  these  actions  would  be  that  higher  blood  glucose 
concentrations  occurred  end  this  glucose  could  be  directed  to  the  mammary  gland  to 
support  lactation.  In  addition  to  increased  glucose  produetion  in  the  liver,  glucose 
usage  by  other  lean  body  tissues  decreased.  Because  glucose  is  used  as  the  primary 
energy  melaboltle  and  as  a suhsirale  for  synthesizing  milk  consiltucnis,  energy  needed 
by  other  peripheral  body  tissues  would  tac  derived  from  products  oflipolysls  or 


mciabolisfn  of  non-£luconeogenic  campouiids  arising  from  the  rumen  and  lower 


Nutritional  status  plays  a major  role  in  the  regulalioo  of  lipid  metabolism. 
Exogenous  bST  given  to  animals  alters  both  lipogenesis  and  lipolysis  in  adipose  tissue 
with  the  net  effect  being  related  to  energy  balance  (EB)  (Bauman,  1909).  When  cows 
are  in  positive  EB.  synthesis  and  deposition  oflipids  in  adipose  tissue  are  reduced  by 
ST  which,  in  nun.  Increases  availability  of  nutrienu  and  their  utilisation  for  milk 
production  (Bauman  and  Vernon,  1993),  Insulin  is  an  importonl  homcoslolic  control  in 
the  regulation  of  lipid  metabolism.  Somatotropin  reduces  the  ability  of  INS  to  stimulate 
lipogenesis  in  adipose  tissue.  Thus.  ST  reduces  the  action  of  INS,  suppresses  Ijpogeoic 
enzyme  ecUviiy,  and  reduces  glucose  uptake  (Bauman  and  Vernon,  1993).  These 
coordinated  changes  in  INS  actions  would  support  production  of  glucose  from 
available  precursors  and  conservation  of  glucose  for  mammary  use  by  shifting 
pcripheml  tissues  to  utilization  of  other  substrates  available,  in  large  part,  due  to 
combined  actions  ofST  and  INS. 


When  cows  arc  in  negative  EB.  ST  siimulales  lipolysis;  it  alters  ihesensiiivity 
ofadipose  tissue  to  p-adtenergic  agents  (Bauman  and  Vernon,  1993).  Therefore,  for 


(Scchen  et  al..  1990).  Lipolysis  is  regulated  by  a signal  transduclion  system  thal 
includes  cAMP,  stimulatory  G proteins  (G,)  and  inhibilory  G proteins  (G,). 


CalecholafTimes  acr  through  the  G,  system  to  slimulale  lipolysis,  wheroBs  adenosine 
exerts  its  anti  lipolytic  alTecU  via  thcG,  system.  When  adenosine  binds  to  its  receptor  it 
stimulates  C,  which  uncouples  G,  protein  activation  oradcnyl  cyclase  caulyaed  by 
catecholamines.  This  leads  to  the  inhibition  of  the  lipolytic  pathvray  that  is  stimulated 
by  catecholamines.  Somatotropin  alters  lipolysis  through  an  increase  in  response  to 
catecholamines  with  no  change  in  sensitivity.  Epinephrine  challenge  following  ST 
treatment  dramatically  inercaaed  NEFA  concentrations  in  plasma.  Inlereslingly,  ST 
treatment  resulted  in  modest  changes  in  p and  a,  adrenergic  receptor  numbers. 
However,  the  activity  ofG,  proteins  was  reduced  significantly  by  ST  treatments.  As  u 
result,  it  has  been  suggested  that  ST  impaired  the  ability  of  G,  to  interact  with  adenyl 
cyclase.  This,  in  turn,  would  increase  the  c^cciivcneas  ofG,  system  stimulated  by 
catecholamines  (Bauman.  1999). 

The  events  described  above  would  dramatically  increase  mobilioalion  of  lipids 
from  the  adipose  tissue,  and  increase  blood  NEFA  and  glycerol.  Thus,  there  would  be 
greatly  reduced  fatty  acid  synthesis  or  no  net  synthesis,  and  hence,  less  acetate  and 
glycerol  use  in  adipose  tissue  (Bauman  et  al.,  I9S8).  So,  the  net  resuit  would  beashiB 
in  the  availability  of  these  metabolites  in  the  mammary  gland  where  they  can  be  used 
for  synthesis  of  short  and  medium  cham-falty  acids  that  are  themselves  used  for  TG 
synthesis  and  milk  production.  Therefore,  lipolysis  also  must  be  an  important  pathway 
to  provide  needed  precursors  in  Ihc  early  postpartum  period  by  cows  especially  to 
supply  the  energy  needed  for  milk  production  (Baldwin  and  Knapp,  1993;  Bauman, 
1999), 


Amino  acid  metabolism 

Somaloiropin  ireolmezil  increue^  mtik  proicin  synthesis  in  Iscuting  cows  via 
improved  efTiciency  of  amino  acid  uliliaalion.  A reduction  in  circulating  urea  nitrogen 
and  in  urinary  nitrogen  loss  was  reported  following  bST  treatment  {Davis  and  Collier, 
I9S5).  During  negative  energy  balance  ST  will  spare  protein  use  os  a source  of  energy 
in  tissues  because  it  increases  lipid  mobilization  and  enhances  glucose  metabolism. 
Proteins  that  arc  mobilized  from  the  muscles  can  be  used  in  the  liver,  in  Ihc  gut,  and  in 
the  blood  which  will  increase  overall  metabolism  and  efTiciency  of  protein  use.  Amino 
acids  mobilized  have  an  important  role  in  supporting  growth  of  some  organs  (liver, 
heart,  digestive  tract)  rather  than  to  support  milk  synthesis  (Erdman  and  Andrew, 

1 989).  Amino  acids  that  are  oxidized  to  provide  energy  will  be  reduced  such  that  Ihc 
protein  mobilized  can  be  used  for  growth  of  specific  tissues  and  milk  protein  synthesis. 
As  indicated.  ST  causes  an  increase  in  feed  Intake  which  will  make  more  nutrients  and 
amino  acids  available  lo  support  increased  milk  yield,  and  this  will  lessen  the  need  for 
tissue  mobilization. 

Mammary  blood  flow 

It  has  been  established  that  nutricnl  supply  lo  Ihe  mammary  gland  is  one  of  the 
major  limiuiions  for  Ihe  acliviiy  ofsecrclory  cells  and  milk  synthesis.  AlacUiiing 
mammary  gland  places  a heavy  demand  on  the  animsl  lo  provide  suhslrales  for  milk 
synthesis  (Davis  and  Collier.  1985).  With  bST  injections,  along  with  the  increases  thal 
occur  in  MY.  cardiac  oulpul  also  increases.  Insulin  like  growlh  faclor-l  has  a rele  in  Uie 
increased  blood  (low  to  the  mammary  gland  that  appears  to  be  mediated  by  production 


or  nitric  oxide  (Prossn-cl  al..  1996).  Somaioliopin  also  increases  convereion  of  T,  to  T, 
specklically  in  the  mammary  gland  and  the  increase  in  T,.  the  tissue  active  thyroid 
hormone,  increases  local  metabolism  and  helps  to  mediate  the  galactopoiclic  response 
(Capuco  el  aJ..  I9S9).  Thus,  both  increased  milk  secretion  and  local  metabolism  drive 
more  of  the  blond  circulation  to  mammary  gland  and  this,  in  luni,  supplies  greater 
quantities  of  water  and  nutrienis  needed  for  milk  synthesis. 

Because  of  its  positive  efTccls  on  blood  glucose,  lipids  and  amino  acid 
conccmmiions  and  blood  circulation.  bST  increases  milk  yield  rviihoul  affeciing  the 
overall  composition  of  the  milk.  In  early  lactation,  amounis  oflong  chain  fatly  acids 
available  increases  relative  to  short  chain  fatly  acids  and  generally,  during  negative 
energy  balance.  bST  tends  to  increase  milk  fal  and  decrease  milk  protein.  However,  the 
elTect  is  not  great  and  wilh  positive  feed  intake  this  effect  disappears. 

Transition  from  pregnancy  to  lactation  is  one  of  the  most  important  challenges 
faced  bydaiiy  cows  during  a lactation  cycle.  The  cows  physiological  sumis  during  the 
last  3 wk  of  the  dry  period  through  the  first  3 wk  of  the  subsequent  lactation  can  have 
significant  ctfccison  the  lactation  and  on  reproductive  performance  (Drackley,  1999). 
Following  parturition,  nutritional  requirements  of  cows  increases  greatly  due  lo  Ihc 
increased  milk  production.  Decreased  DMI  prior  to  calving  carries  over  into  Ihepenod 
immediately  following  calving  and  results  in  slower  increase  in  milk  yield.  The  DMI 
consumed  postpartum  Is  used  almost  totally  for  milk  synthesis.  Thisresulls  in  cows 
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undergoing  a period  of  NEB  because  miUi  yield  increase  outpaces  the  increase  in 
nutrient  intake  (Bell.  1995). 

Feed  consumption  by  the  transition  cow  decreases  by  as  much  as  30%  within  a 
day  or  two  before  calving  (Bertics  el  aJ.,  1992;  Grummer,  1995).  However,  this 
decrease  does  not  occur  only  during  the  fmal  weeks  preceding  parturition.  Pregnant 
dairy  lieifers  showed  reduced  DMI  from  wk  26  of  pregnancy  (1.53%  per  wk)  until  3 wk 
before  calving  (Ingvaiucn  et  al.,  1992).  A similar  decline  was  observed  in  both  heifers 
and  cows  during  the  last  163  d of  pregnancy  (Ingvsrtscn  ci  aJ..  1997)  when  they  were 
fed  a high  energy  diet  (1 1.6  M)  of  metabolizable  energyAtg  of  DM),  whereas  the 
decline  was  less  when  ihey  were  fed  less  energy  dense  diets  (10.2  or  3.3  M2  of 
metabolizable  cnergyrteg  of  DM). 

During  late  pregnancy,  fetal  metabolic  rate  increases  dramatically  ala  time 
when  the  dccibc  hr  DMI  also  is  occurring  morcr^ly.  The  fetal  metabolic  rate  at  this 
lime  is  approximately  2-fold  greater  than  that  of  the  dam  on  a BW  basis  (Reynolds  and 
Ferrell,  1987).  The  source  of  carbons  for  oxidation  in  the  growing  fetus  is  mostly 
glucose  and  ammo  acids.  Uterine  uptake  of  glucose  (Wieghart  ci  al.,  1986),  amino 
acids  (Sniffeo  etaU  1992),  and  acetate  (Bell,  1995),  in  relation  to  maternal  supply,  is  as 
high  as  46, 72  and  12%,  re^eciively.  Asa  result  energy  deprived  ewes  arc  especially 
suseepliblc  to  hypoglycemia  during  late  pregnancy  (Bergman  el  al.,  1974),  whereas 
glucose  drain  and  high  plasma  concenirationsofNEFA  predispose  cows  lo  ketosis 
(Utiledikeelal..  1981). 
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Feial  energy  requirements  on  tl  2SO  of  pregnancy  were  2.3  Mcal/d  NE,  whereas 
the  energy  requirements  increased  to  26  Mcal/d  NE  in  cows  averaging  30  kg  inilk  per 
day  (Bell,  I09S).  Laclaring  dairy  cows  reach  their  pttok  MY  between  3 to  12  wk 
postpartum,  and  the  lowest  DM1  occurs  at  caivbtg.  Peak  DMI  is  not  be  reached  until  8 
to  14  wk  aAcr  parturition  (Wheeler  et  al.,  1 90S).  DMI  increases  by  approximately  1.5 
to  2.S  kg/wk  during  the  first  3 wk  of  lactation  (Beriics  et  ah,  1992).  However,  there  is 
great  variation  among  individual  cows  as  to  when  they  teach  peak  DMI.  Thistimecan 
be  affected  byprepanum  and  postpartum  rations,  and  degree  of  fatness  or  BCS  (Brosicr 
et  ah.  1998)  In  oddition,  DMI  orprimiparous  cows  is  less  than  that  of  multiparous 
cows(Kenzet  ah,  1991).  There  is  great  variation  in  rise  to  peak  DMI  in  cows.  For 
example,  peak  DMI  of  cows  has  been  reporled  to  be  2 and  1 1 1%  more  than  DMI  of  the 
some  cows  at  one  week  postpartum  (Bines.  1985). 

Delayed  increase  in  DMI,  with  respect  to  Increasing  energy  requirements, 
causes  a NEB  at  or  soon  after  parturition.  High  producbig  cows  show  a mean  dehcilof 
-lOMcaVdduringlheir  second  week  of  lactation  (Chilliard,  1999).  High  producing 
cows  can  mobilize  SO  kg  of  body  lipids  and  15  to  20  kg  of  body  protein  to  support  the 
lactation  (Whliclaw  et  ah.  1986).  whereas  there  Is  a need  for  more  than  3 kg  glucose 
per  day  for  a cow  producing  35  to  40  kg  ofmilk  daily  during  early  lactation  (Vernon, 
1988).  Cows  can  mobilize  056  kg  body  fat  and  0.04  kg  proiejn/d  and  the  largest  part  of 
this  mobilization  (1259  of  total  fat  and  58%  of  total  protein)  takes  place  during  the  first 
weekoflacUtlionlTammingaclah.  1997).  As  a result,  the  additional  energy  and 


proicin  need  to  be  supplied  lo  transition  cows  to  support  the  great  demands  for 
metabolites  if  development  of  metabolic  diseases  was  lo  be  avoided. 


During  laic  pregnancy  and  continuing  into  early  laclalion.  major  changes  in 
metabolism  of  the  cow  occur  lo  cope  with  the  increase  in  nutrient  requirements  for 
mammary  metabolism.  Requirements  for  lactation  ore  supported,  in  part,  by  on 
increosc  in  DMI  and  digestion,  as  described  above.  However. '■orchestrolcd  or 
coordinated  changes  m the  metabolism  of  body  tissues  are  necessary  io  support  a 
physiological  siaie"  (Bauman  and  Currie.  1980).  in  Ihis  case  to  support  lactation,  and  it 
must  accompany  Ihe  increase  in  DM(  and  digestion.  These  homcorheiic  changes 
include  hormonal  changes,  increased  hepalic  metabolism,  lipid  and  protein 
mobilizaiion.  and  a reduction  in  ihe  utilisalion  of  glucose  and  amiuo  acids  by  lower 
priority  organs  (Bell,  1995).  In  Ihis  way  Ihe  nutrient  supply  lo  mammary  gland  can  be 
maintained  and  enhanced. 

Hormonal  chan  lies 

Conceniralions  of  various  hormones  change  in  a relatively  narrow  time  period 
around  calving  (Figure  2-3).  Plasma  conceniralions  of  peak  around  d 3S0of 
gestation  (7-8  ngimL).  ThercaAcr.  conceniralions  begin  lo  decline  lo  a 3-4ng/ml.  and 
on  the  day  ofcalvingconccnlrationsof  Pj  arc  almost  undeiectable.  By  midgeslalion. 
eslrogcn  conceniralions  rise  from20pg/mL  lo  300pg/mL.  Approximately  7 d before 
parturilion,  plasma  conceniiations  of  eslrogen  increase  lo  around  2000  pg/mL,  whereas 
jusl  before  calving  the  total  eslrogcns  (free  and  conjugaled)  are  about  4000-0000 
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conceniraiions  or  activity,  and  decreased  concemrations  or  activity. 
Adapted  Irom  Mepham  (19S7). 


pg/mL  (Chew  cl  al.,  1977).  Plasma  cortisol  concentrallons  increase  lo  4-8  ng/mn  d 
before  calving  lo  peak  around  calving  or  Ihe  day  after  calving  (15-30  ngfmL).  The 
conceniralions  of  cortisol  and  esirogen  decline  lo  essentially  bnsal  levels  within  days 
after  calving  (Tucker.  1985).  Around  24-36  h before  calving  PCF,.  concentrations 
begin  to  rise  and  they  peak  al  calving.  Plasma  PRL  increases  rapidly  the  day  before 
calving.  Changes  in  plasma  conceniralions  of  PRL.  estrogen  and  P.,  are  responsible,  in 
part,  for  the  increased  synlhcsis  of  colostrum.  Circulating  concentrations  of  ST  usually 
increase  before  calving  and  remain  elevated  during  early  lactation,  especially  in  high 
producing  cows  (Bauman  and  Vernon,  1993).  Even  though  concentrations  of  INS  in 
circulation  remain  high  during  the  prepanum  period,  conceinrdlions  decrease  rapidly 
after  calving.  During  the  lirst  few  days  after  calving  the  basal  concenlraiion  oflNS  is 
negatively  correlated  with  ST.  Plasma  glucagon  somelimes  increases  during  early 
laciaiion.  bul  changes  in  the  INS  to  glucagon  ratio  has  more  physiological  importance 
becuuse  it  Is  one  of  Ihe  faclors  determining  Ihe  rale  of  lipolysis  and  lipognesis  (Sartln  el 
al..  1988). 

Adipose  tissue 

Shiltiog  energy  balance  is  the  major  determinant  ofUie  changes  that  take  place 
in  adipose  tissue.  In  Tuminonts.  the  major  she  for  ilssue  lipogenesis  is  adipose  tissue. 
During  early  lactation  fatty  acid  synthesis  and  eslerincaiion.  plasma  TG  uptake  by 
adipose  tissue,  lipogenesis.  and  ihc  cnaymes  controlling  these  events  arc  notably  altered 
(McNamara  and  Hillers.  1986),  There  also  is  a reduciion  in  the  utiliaalion  of  plasma 
acetate,  glucose,  and  TG  by  the  adipose  lissue.  These  events  lead  to  higher  entry  of 
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glycerol  and  NEFA  irom  Ihc  adipose  (issue  imo  circul alien  and  lo  a decrease  in  the  size 
of  adipocytes. 

Initiation  of  copious  lactation  leads  to  many  chimgcs  in  Ihe  activity  of  a number 
of  important  enzymes  of  adipose  tissue  which  arc  advantageous  to  milk  production. 
Activity  of  lipoprotein  lipase  declines  rapidly  in  adipose  tissue  and  this  leads  lo  reduced 
uptake  offauy  acids.  Activity  of  Ihe  most  important  regulatory  enzyme  oflipogenesis, 
acetyl  CoA  carboxylase,  declines  dramatically  during  early  lactation  as  well.  The  ^11  in 
the  rale  ofcsteTiricaiion  in  adipocytes  also  is  important  for  lipolysis  because  it  means 
that  less  of  the  fatty  acids  that  are  released  during  hydrolysis  ofTC.  less  are  re* 
csterified  (Vernon  el  aU  1987).  Although  capacity  for  lipid  synthesis  decreases,  Ihc 
ability  to  hydrolyze  adipose  tissue  derived  TC  increases  rapidly.  Increased  activity  of 
hormone*scnsilivc  lipase  results  in  a further  increa.se  in  lipolysis.  As  a consequence, 
there  arc  increased  concentrations  of  NEFA  and  glycerol  in  Ihc  blood  during  early 
lactation. 

Liver 

Increased  concentrations  of  NEFA  in  the  blood  before  and  at  parturition  results 
in  increased  uptake  of  NEFA  by  Ihe  liver,  increased  fatty  acid  esierillcalion,  and 
increased  storage  ofuiglyccrides  (TO)  (Grummer,  1993).  Liver  TO  content  peaks  at  or 
near  calving  because  the  rale  of  TO  synthesis  is  positively  associated  with  plasma 
concentrations  of  NEFA  (Bell,  1980).  Although  esterification  of  NEFA  loTG 
increases  during  early  laclaiion,  discharge  of  TO  from  liver  in  Ihc  form  of  very  low 
density  lipoproteins  (VLDL)  is  very  slow  and  limiled  in  cows,  which  likely  causes  fatty 


liver  before  and  up  lo  calving,  and  during  the  early  weeks  of  laciaiion  (Crummer, 

1993). 

Some  portion  ofNEFA  taken  up  by  the  liver  is  oxidized  to  CO.  and  ketone 
bodies.  Ketone  body  production  increases  when  the  ability  of  the  liver  to  export  fatty 
acidsaa  lipoprotein  isexceeded  and  a glucose  dniin  takes  place  aialimewhen 
concentrations  of  both  glucose  and  INS  in  blood  ate  low  (Litiledike  ci  al..  1981). 
Bceause  peripheral  utilization  ofkelone  bodies  is  limiledand  there  already  is  high  entry 
ofNEFA  into  Itver,  this  may  predispose  animals  to  kclosis  during  early  lactation. 

Liver  gluconeogenesis  and  glucose  turnover  increases  greatly  lo  support  high 
demands  by  mammary  gland  aher  calving.  Dietary  glucose  can  only  account  for  about 
10 10  3S%  of  glucose  that  is  secreted  in  milk  of  a cow  producing  40  kg  milk  daily. 

There  is  a marked  increase  in  enliy  of  glucogenic  substrates  such  as  propionate,  amino 
acids,  glycerol  and  laclate  both  from  the  digealive  tract  and  from  mobilization  of  body 
reserves  (Vernon,  1968).  The  blood  flow  lo  the  liver,  wcj^l  of  liver,  and  the  aclivily 
per  unit  weight  also  increase  during  early  lactation.  The  increase  in  liver  weight, 
however,  is  propoitionallo  that  of  Increased  protein  synthesis  (Kelly  el  al..  1991). 

During  early  lactation  a loss  ofskclelal  muscle  prolein  has  been  reported  for 
cattle  (Blum  cl  al.,  1985)  and  sheep  (Bryanl  and  Smith,  1982).  It  was  suggested  that 
this  was  due  primarily  to  the  increased  degradation  of  prolein  with  little  or  no  change  in 
prolein  synthesis  (Bryant  and  Smith,  1982).  Amino  acids  in  Ihe  peripheral  circulation 
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lhai  arose  from  muscle  con  be  used  either  for  protein  synthesis  by  the  mammary  gland 
or  for  gluconeogenesis  in  the  liver. 

Well-fed.  high-producing  cows  can  mobili2e  up  to  10  kg  ofbody  protein 
without  a health  risk  during  the  first  60  d ofloclation  (Whilelsw  et  al.,  1986).  In 
underfed  cows,  even  though  the  contribution  of  muscle  protein  can  be  one-half  of  the 
total  protein  utilized  potential  mobilization  cannot  exceed  more  than  20%  of  body 
proteins  (Wilson  el  aL  1988). 

Altered  mobilization  ofaminoocids  does  not  mean,  however,  that  energy 
requircmenls  of  skeletal  muscle  are  decreased.  Although  eoergy  requirements  of  the 
muscle  are  the  same,  the  source  of  energy  utilized  by  the  muscle  shtAs  Irom  glucose  to 
fatty  acids.  Glucose  uptake  by  muscle  and  the  proportion  of  active  pyruvate 
dehydrogenase  decreases  during  lactation  (Vernon  el  aJ.,  1987),  whereas  there  ts 
increased  use  of  fatty  acids  and  ketones  for  oxidative  purposes  by  muscle  during 
lactation  (Pethick  and  Lindsay,  1982). 

Bone  and  minerals 

Bovine  species  have  Ihc  highest  calcium  nimover  per  Itiiagram  of  BW  during 
milk  production  (Sciorsci  el  al.,  2001).  During  the  last  week  of  gestation,  the  fetus 
requires  approximately  5 gCa  and  l.5g  Ptd.  Al  the  onset  oriaclaiion,  the  daily 
secretion  of  Ca  and  P in  milk  is  approximately  30  and  15  g.  respectively  (Jorgensen, 
1974),  Up  lo  60  g Co/d  can  be  secreted  in  milk  at  the  onset  of  lactation  suggesting  that 
plasma  Ca  must  be  renewed  25-limes  daily  (Horst.  1986).  Although  intestinal 
absorplion  of  Ca  and  its  elTicicncy  increased,  this  is  not  enough  to  supply  Ca  loss  due 


10  Ihc  increased  MV.  Thus,  animals  must  mobilize  Iheir  bone  Ca  and  other  minerals  to 


meet  the  raquiremcnls  or  else  sulTer  hypocalcemia.  This  mobilization  represents  about 
20%  of  minerals  in  sheep  during  early  lactation  (Marie  el  aJ..  1986).  Failure  to  respond 
to  low  plasma  Ca  concentrations  results  in  hypocalcemia  (Horst  and  Reinhardt,  1987). 
General  Overview 

Important  changes  occur  in  metabolism  of  the  dairy  cow  to  support  increased 
nulneni  demands  of  the  mammary  gland  during  early  lactation.  These  adaptations  are 
coordinated  by  changes  in  the  endocrine  status  of  the  animals.  Prolactin  has  an 
impunani  mie  in  the  development  of  the  mammary  gland  and  ST  has  an  important  role 
in  orchestrating  the  metabolic  adaptations  occurring  in  the  body  to  support  laclalion. 
On  the  other  hand,  Ihcociion  of  INS  is  reduced  signilicantly  as  a consequence  of  the 
negative  energy  balance  during  early  lactation.  Although  tissue  response  or 
responsiveness  to  INS  decreases,  the  response  to  catecholamines  is  enhanced.  Thus, 
changes  in  both  the  res|>onsiveness  of  tissues  to  hormones  and  overall  circulating 
concenlraticna  ofhormones  appear  to  have  important  roles  in  the  metabolic  adaptations 
seen  during  thiscntical  lime  period  during  transition  and  continuing  throughout  the 
lactation. 

One  hundred-ninety  three  multiparous  Holstein  eows  from  the  University  of 
Florida  Dairy  Research  Unit  (DRU)  herd  were  used  In  an  expenmeni  conducted  over  a 
2 yr  period  and  the  protocol  approved  by  the  Institutional  Animal  Care  and  Use 
Committee  of  the  Univcrsiiy  of  Florida.  Cows  wore  assigned  randomly  about  4 wk 
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prior  10  npecled  calving  dale.  Agee  of  the  cowe  ranged  from  3 lo  6 yr  and  parity  was 
between  I and  S Information  on  the  animals,  including  parity  and  age,  doy  and  month 
of  expected  calving,  days  dry.  and  milk  yields  during  previous  lactation  were  obtained 
from  records  of  the  DRU.  Actual  number  of  days  that  cows  were  sampled  prepanum 
<2lalOd)  differed  from  expected  because  of  early  or  late  calving. 

During  year  one.  plasma  samples  were  collected  from  82  Holslem  cows 
[Control  (C)*dl  vs.  Injected  and  all  cows  calved  between  October  1 998  and 

January  1999  at  the  DRU.  During  year  two,  effects  of  bST  on  BCS  and  BW  of  111 
Holstein  cowsfOS?  vs.  I»S4)  were  evaluated,  but  no  blood  samples  were  collected. 
These  cows  calved  between  October  1999  and  March  2000.  The  BCS  (1-5.  thin  to  fat, 
Edmonson  etal.,  1989}  and  BW  of  cows  were  recorded  (8:00-1 1:00  h)  before  a.m. 
feeding  but  after  o.m.  milking.  TheBW  and  BCS  of  the  cows  at  the  Umc  Ihe  trial 
starred  ranged  from  504  to  370  kg,  and  3.00  lo  4.75,  respectively. 

Experimental  Desiun 

Cows  were  assigned  randomly  to  one  of  two  treatment  groups.  Treatment 
group  I (98  cows)  were  controls  and  received  no  bST  treatment,  whereas  those  in  group 
11(95  cows)  received  injections  of  0.4mL  of  bST  (POSILAC®)  biweekly.  This 
volume  ofPOSlLAC®  contained  approximately  142.9  mg  bST  and  provided  about 
\02  ragbST/d. 
bST  Treatments 

A sterile,  prolonged-release,  injectable  formulation  of  a recombinant  DNA 
derived  bovine  somalotropin  analogue  (bST,  POSILAC*.  500  mg  in*  1.4  mL, 


Monsanto.  Si.  Louis,  MO)  was  used  for  injeclions.  Injections  begon  approximately  4 
wk  (±3  d|  before  expected  calving  dates.  Regardless  of  time  of  last  injection  before 
calving,  ftrsi  postpartum  injeclions  were  within  24  h of  calving  and  thcrcallcr  injections 
were  at  2 wk  inlervals.  Last  injection  was  at  42  d postpartum.  Injeclions  were 
subcutaneous  in  the  post*scapular  region  or  on  either  side  of  the  ischiorectal  fossa. 
Injections  were  administered  allcr  blood  collection,  but  were  prior  to  a.m.  feeding  or 
milking.  No  bST  injeclions  were  given  between  42  d postpartum  through  100  d 
postpartum.  All  cows  assigned  to  TRT I and  II  received  a full  dose  ofbST  (SOO 
mg/2wk)  beginning  at  100  d posipanum. 


Feedmu  oroaram 

Starting  4 wk  before  expccicd  calving  dates,  cows  were  fed  the  close-up  dry 
ration  (CUD).  The  CUD  ration  was  fonnulalcd  to  be  anionic  (•-iO  Mcq/IOOg  DM)  to 
decrease  the  postpartum  risk  of  hypocalcemia.  ARcr  parturition,  all  cows  were  fed  a 
lotal  mixed  ralion  (TMR)  based  on  com  silage,  whole  collon  seeds  (WCS).  and  grain 
concentrale  (Table  2-1).  Clean  fresh  water  was  provided  in  water  troughs  and  was 
available  free-choicc  in  the  ftee-slall  bam  where  they  were  housed.  Bams  were 
equipped  with  fans  and  sprinklers  which  helped  cool  cows  when  ambient  temperature 
were  above  25  "C. 

Body  condition  scores  and  body  wcndils 

Body  weights  and  BCS  (1-5,  thin  to  fat;  Edmonson  el  ol„  1989)  of  cows  were 
recorded  biweekly  on  the  same  day  each  week  (Saturday)  before  a.ra.  feeding  or 


V,  lthon.NY.'DMbasis. 


milking  (S:00 10  12:00  h|  during  the  second  year.  Measurements  began  Itic  day  cows 
were  assigned  lo  iriul  and  continued  up  to  lOOd  posicalving. 

Blood  colletlion.  handlina  and  sioraae 

Blood  samples  were  collected  Irom  the  tail  vein  of  all  cows  before  the  a.m. 
feeding  or  milking  (07:30*10:00  h)  during  the  flrsi  year.  Cows  were  bled  aller 
elcvoling  Ihelail  without  any  other  lestmint.  The  order  in  which  cows  were  sampled 
on  a given  day  was  random  and  differed  from  bleeding  day  to  blecdbg  day.  Cows 
were  bled  the  day  they  were  assigned  to  the  trial  and  biweekly  during  the  prepartum 
period,  the  week  of  calving,  and  then  monthly  up  to  00  d postpartum.  For  blood 
collection  Vucutainer^  brand  needles  (2.54  cm.  20  gunge)  and  lubes  containing  sodium 
heparin  were  used  (10  x 100  mm  blood  collection  tubes,  Becton-Dickinson.  Fmrlawn. 
NT).  Blood  samples  were  ploccd  on  ice  immediately  alWr  collection  and  processed 

within  2 h. 

Ail  samples  of  blood  were  centrifuged  at  3000  RPM  at  5‘C  for  30  min  in  the 
RC*3B  refrigerated  centrifuge  (0*place  swinging  basket,  H.600A  rotor,  Sorvsil 
Instntmems)  to  separate  plasma.  Plasma  from  each  sample  was  aliquoled  into  two 
labeled  5 mL  polyethylene  lubes  (75x12  mm),  cupped,  and  frozen  at  -20*C  until 
analyzed.  The  plasma  samples  were  used  for  analysis  of  ST.  INS.  and  IGF-I  by 
specific  radioimmunoassays  (RfAs).  In  riiro  enzymallc  colorimetric  method  ofWako 
(NEFA  C.  Wako  Pure  Chemical  Industries,  Osaka,  Japan)  was  used  for  the  quantilalivc 
dctcrminalionofNEFA  in  plasma  as  described  by  Johnson  and  Peters  (1993).  Sigma 
procedure  No.  510  (Sigma  Diagnostics,  St.  Louis,  MO)  was  used  for  the  quantilaiive 


I of  glucose  in 


t ss  describod  by 


Raebo  and  Terklldsen  1 1960). 

All  cows  were  milked  in  a doubIe-12  herringbone  milking  parlor  equipped  with 
24  DeLaval  milking  machiiies  and  a Galaxy  2000  milk  recording  system.  An 
automatic  cow  idemiftcation  feature  was  used  during  the  experiment,  ond  individual 
milk  yields  were  recorded  at  each  daily  milking  from  3 d afler  parturition  to  d 100 
postparlum.  Cows  were  milked  three  times  daily  (08:30.  15;00.  and  01:30  h).  They 
were  brought  to  the  milking  parlor  holding  area  before  each  milking  and  wa.shed 
aulomatteolly  by  pulsing  sprinklers  placed  on  the  door  beneath  the  cows  (3  cycles, 
about  S min).  Afler  milking  was  complcicd.  cows  were  leal  dipped  using  undiluted 
Clorox  brand  bleach  and  then  relumed  to  the  frce-slall  bam. 

Milk  samples  were  collected  using  an  automatic  milk  sampling  device.  Milk 
samples  were  collected  at  three  consecutive  milkings  (08:30, 1S:00,  and  01:30  h)  on 
Mondays  during  the  lirsi  10  wk  oflaetalion.  A set  of  3 milk  samples,  one  for  each 
daily  milking  for  each  cow  was  saved  in  copped  vials  (50  mL)  coniaining  broad 
spectrum  Mierolab™  preservative  (D&F  control  systems,  Inc.)  and  analyaed  at 
Southeast  Dairy  Lab  (McDonough.  GA)for  conlenls  of  fat,  protein,  milk  urea  nitrogen 
(MUN),  and  the  somatic  cell  count  (SCC). 

SlallsUcal  Analyses 

Data  collected  during  the  experiment  were  analyzed  in  two  sections.  The  (irst 
included  data  collected  during  the  prepanum  period  and  the  second  the  data  from  the 


posip&nura  period.  Dou  were  anolyzcd  using  Proc  GLM  procedure  as  a nesied  design 
b;  least  squares  analysisofvariancc  procedures  orSAS(  1 991).  Additionally.  Mixed 
model  was  used  to  compare  specific  least  squares  means  fLiitel  et  ol..  2000).  Statistical 
analyses  were  performed  for  BW  and  BCS.  milk  and  3.S  % FCM  yields,  and 
conccnirstionsofST.  INS.  IGF-!,  glucose  and  NEFA  in  plasma.  Time  periods 
considered  for  data  analyses  were  the  prepartum  period  <-4  to  •!  wk),  overall 
postpartum  period  (I  to  3 wk)  and  the  period  from  (MOO  d postpartum  for  MY. 
Models  included  the  main  effect  of  treatment  (TRT).  calving  month  (CMO),  their 
interactions  (TRT"CMO).cow(TRT"CMO),  and  weeks  or  days  to  the  highest  order 
significant  for  overall  prcparriun  and  postpartum  periods,  as  appropriate. 

Regression  analyses  were  performed  to  the  highest  order  significant  up  to 
quintic  order  to  describe  the  trends  in  nteasures  during  postpartum  period  for  MY 
during  the  overall  postpartum  period.  Tests  of  heterogeneity  of  regression  were 
performed  to  determine  whether  there  was  evidence  that  regression  curves  were  not 
parallel  (Wilcox  el  al.,  1990).  In  addition,  gross  cordallons  were  estimated 

Specific  models  are  described  in  the  Results  section.  Signiiicance  was  declared 
at  P<0.05.  except  where  noted. 


plasma  samples  were  collccled  from  82  Holstein  cows  (Comrol  (C)=41  vs.lnjecled 
l!)=4I).  and  plasma  samples  were  analyzed  for  ST.  IGF-I.  INS.  NEFA  and  glucose. 
Duringyear2.clTcclsofbSTon  BCS  and  BWoflll  Holstein  cows  (C-57  vs.  1=54) 


were  cvalualcd.  During  both  years,  milk  yields  dau  were  collected  and  combined  and 


analyzed  Tor  the  overall  MY  comparisons. 

The  mathetnaucal  model  utilized  for  analyses  of  dependent  variables  during  the 
prepanum  and  - 1 wk  for  blood  measurements;  O and  0 wk  for  BCS  and  BW 
measurements)  and  postpartum  (1,4  and  8 wk  for  blood  measurements;  2, 4, 6,  8,  10 
wk  for  BCS  and  BW  measurements  and  0 to  lOOd  for  MY),  penods  included  mam 
effects  of  treatment  (TRT),  calving  month  (CMO).  the  two-factor  interaction  of 
TRT*CMO  and  cow(TRT*CMO).  Weeks  to  the  highest  order  signillcanl  up  to  eubic 
order  forweekty  measurements  also  wore  included. 

The  main  effect  of  calving  month  resulted  in  ten  different  groups: 


CMO  I = those  calving 
CMO  2=  those  calving 
CMO  3*  those  calving 
CMO  those  calving 
CMO  5=  those  calving 
CMO  6=  those  calving 
CMO  1=  those  calving 
CMO  8*  those  caivi 
CMO  de  those  caivi 
CMO  1 0=thosc  calving 


n October  1098. 
n November  1098, 
n December  t098, 
n Jenuaryl999, 
n September  1999. 
in  October  1999. 
in  November  1999, 
in  December  1999, 
ng  in  January  2000.  and 
in  February  2000. 


During  the  experiment,  1 5 cows  (year  I *6  cows,  year  2=9  cows)  from  TRT  1 
and  12  cows  (year  1=5  cows,  year  2-7  cows)  from  TRT  II  were  culled  at  the  end  ofthc 
lactation  because  of  breeding  problems,  chronic  mastitis,  or  insufficient  milk 
production. 


A majorobjectiveofthis  experiment  was  to  evoluatc  changes  in  BW  and  BCS 
during  the  prepanum  period  staning  about  •-Jwk  before  panurition  and  continuing 


through  10  wk  posipaiiumlo  monilor  when  the  decline  In  BW  end  BCS  shlRlo 
increasing  values.  During  the  period  from  wk  >3  to  dsyofcalvbgnodincrcnccs  were 
detected  between  the  irestment  groups  for  mean  BW  and  BCS  (Figures  2-4  end  2-5). 
Least  squares  means  (LSM)  for  BW  and  BCS  up  to  calving  are  In  Table  2-2.  NoefTeets 
due  to  TRT.  CMO  orlwo-factor  InleTaclion  TRT*CMO  were  detected  for  eilher  BW  or 
BCS.  whereas  significant  linear  cfTecU  ofweck  was  delected  (P<000l;  T^le  2-3).  The 
mean  BW  -3  wk  prcparlum  of  cows  in  TRT  1 was  numerically  less  than  for  cows  in 
TRT  II  <706  vs  727  kg),  but  the  difference  was  not  significant.  At  Ihe  same  time,  the 
mean  BCS  ofeows  were  3.7)  (TRT  1)  and  3.77  (TRT  H)  and  did  not  difierduc  to 
irealmeni  (Figures  2-4  and  2-5).  At  the  week  after  calving  (wk  0).cows  in  both  groups 
had  lost  BW  (682  vs  688  kg)  and  BCS  (3.50  vs  3.5S)(Table  2-2). 

Least  squares  analyses  of  variance  for  BW  and  BCS  during  the  overall 
postpartum  period  (1-10  wk)  is  in  Table  2-4.  The  effect  of  TRT  on  BW  during  this 
period  was  significant  (P<0.0744);  cows  in  TRT  II  better  maintained  their  BW  during 
10  wk  postpartum  (Table  2-2).  No  effctis  were  delected  for  CMO  or  the  two-factor 
interaction  TRT"CMO  (Table  2-4).  A signilicanl  linear  effect  ofwk  was  detected  for 
BW  (P<0.01).  Even  though  cows  in  both  treatmentshad  similar  BW  the  week  afler 
calving  (wkO;  682  vs  688  kg),  the  loss  in  BW  for  cows  in  TRT  I was  grealcr  during  the 
postpartum  period  (Figure  2-4).  Two  weeks  following  parturition  cows  in  TRT  I had 
lost  8.5%  of  IheirBW  compared  to  wkO.  whereas  the  loss  of  BW  for  TRT  II  was  only 
5.6%.  During  the  following  2 wk  period,  BW  loss  was  less  by  cows  in  both  TRT 
groups.  There  was  a sli^i  but  not  significant  increase  in  BW  observed  beginning  wk  6 
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Figure  2>4.  Least  squares  means  of  body  tveighl  changes  of  Holstein  cows  diuing  the 
prepanmnand  early  posqsanum  periods  (-3  wk  through  10  wk).  Arrow 
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Figure  2-5,  Least  squares  means  of  body  condition  score  changes  of  Holstein  cows 


and  al  wkS  for  cows  in  TRT  II  and  TRT  I,  respcclively.  CowsinTRT  II  maintained 
slgnincanily  greater  BW  throughout  Ihc  lacuiion  period  (Figure  2-4). 

Trends  for  BCS  of  cows  in  the  two  treaimcnt  groups  paralleled  that  described 
for  BW  (Figure  2-5).  The  BCS  tended  to  differ  during  the  lactation  period  (P<0.I46). 
No  differences  were  detected  due  to  CMO  or  the  two-factor  interaction  TRT* CMC 
(Table  2-4).  Cows  in  both  treatment  groups  lost  BCS  beginning  at  calving  (Figure  2-5). 
CowsinTRT  I hod  greater  decline  at  wk2  than  cows  in  TRT  II.  BCS  loss  from  wk  0 to 
wk  2 was  6.5%  and  3.9  % for  TRT  I and  TRT  II,  respectively.  Beginning  wk6boih 
groups  maintained  their  BCS;  however,  they  had  lost  8.0%  and  7.5  % of  their  BCS  at 
thai  time,  re^ectively  compared  to  wk  0.  However,  BCS  of  cows  in  TRT  II  al  wk  10 
increased  slightly  and  BCS  of  cows  in  TRT  II  was  significantly  grealcralwk  10 
(Figure  2-5). 

Milk  and  3 5%  PCM  VielHs 

Least  square  means  for  MY  for  penod  of  time  that  bST  was  injected  (0-60  d) 
and  for  overall  laciniton  (0- 1 00  d)  periods  are  in  Table  2-5.  Significant  differences 
were  detected  due  to  treaimcnt  during  the  bST  injection  period  (Oto60  d).  Injected 
cows  had  significantly  higher  mean  MY  (6.2%)  during  the  first  60  d in  milk  than 
control  cows(P<0.082,  TRT  1-35.9  vs  11=38.3  kg/d).  No  effecls  was  detected  due  to 
the  two-factor  interaction  TRT*CMO.  A significant  quartic  polynominal  effect  of  day 
was  delected  (Table  2-7).  However,  no  difference  was  detected  due  to  treatment  for 
MY  during  the  first  1 00  d of  lactation  (Table  2-7). 


Table  2-S.  Least  Squ 
Percentage  afPitilein 
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res  Means  and  SE  of  Milk  Yield,  3.5  %FCM  Yield,  SCC,  and 
, Fat  and  MUN  in  Milk  of  Holstein  Cows  During  Early  Lactation. 


Milk  Yield  (kg /d)'-* 
3.5%FCM(kg/d)’' 
Milk  Yield  (kg/d)>* 
Milk  Yield  (kg/d)' 
SCC“ 

%Fat' 

Toul  MUN 


'Treatment  I*NobST,  Treatment  D=10.2  mgbST/d. 
’1-Swk  postpartum. 

’0-60  d postpartum. 

‘O-IOOdposipanrim. 

’SCC=Somatic  Cell  Count  x 1000. 

‘ MUN=Milk  Urea  Nitrogen. 

‘P<0.1 

”P<0.09 


39.7  ± 

40.2  ± 


0.19 

0.24 


39.07  ± 0.06 

453  ± 292 

3.01  * O-Ol 

3.59  ± 0.02 

11.7  ± 0.09 


Least  squares  analyses  of  variance  for  weekly  milk  and  3.5%  FCM  yields 
during  die  first  8 wk  are  in  Table  l-ft.  Differences  were  detected  due  to  treatment  for 
both  MY  and  3.5%  FCM  yields  (P<0.994  and  P<0.0095,  respectively).  No  effects  were 
detected  due  to  CMO  or  die  two-factor  interaction  CMO'TRT  for  either  measure  of 
milk  production.  A significant  cubic  polynominal  effect  ofwk  was  detected  for  each 
measure  of  milk  production  (P<0.0001  and  P<0.102,  re^ectively;  Table  2-6). 

Results  indicated  that  cows  injected  with  lOJ  mg  bST/d  (TRT II)  had  greater 
weekly  mean  milk  and  3.5%  FCM  yields  (39.7  and  40.2  kg/d,  respectively)  than 
uninjcctedcows  which  were  less  (37.20  and  37.72  kg/d,  respectively;  Table  2-5, 
Figures  2-6  and  2-7).  Increases  in  yields  for  bST  injected  over  control  were  6.6  % for 
both  measures  Least  squares  means  for  percent  protein,  percent  fat  and  MUN  for  first 
8 wk  tire  in  Table  2-5.  During  the  first  8 wk  no  differences  due  to  treatment  were 
detected  for  percent  protein,  total  fat,  percent  faL  and  MUN.  Mean  SCC  tended  to  be 
hi^er  for  cows  in  TRT  I (602  vs  453x10’). 

Quailic  regression  curves  were  calculated  for  the  two  measures  of  milk  yield  to 
describe  the  time  trends  for  the  individual  treatments  over  100  d lactation  (Figure  2-8). 
Test  of  heterogeneity  detected  evidence  that  the  curves  were  not  parallel  (P<0.0l).  TRT 
II  had  higher  daily  milk  yield  starling  at  the  beginning  oflbe  luciaiion  and  II  continued 
greater  throughout  the  100  d measurement  period  than  that  of  cows  in  TRT  I.  However, 
discominuing  injections  ofbST  at  60  d resuiled  in  a decrease  in  MY  for  cows  in  TRT  11 
and  MY  for  these  cows  were  similar  to  the  that  of  cows  in  TRT  I during  die  last  30  d 
(Figure  2-8)  of  the  lOOd  period. 
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Figure  2-6.  Uasi  squares  meens  of  weekly  milk  yields  ofHolstein  cows 
during  tke  Hm  8 wk  oriaciaiion. 
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Hormones.  Grpwih  factor  and  Mcnboliles 


Prenartum 

Plasma  concentralions  of  hormones  (ST  and  INS),  growih  facior  (IGF-I)  and 
meiabolilca  (glucose  and  NEFA)  also  were  evaluated  during  the  period  Irom  -3  wk 
before  calving  through  8 wk  postpartum  (Figures  2-9  through  2-13).  No  differences  in 
the  mean  concentrations  of  IGF-I,  NEFA  ur  glucose  were  delected  during  the 
prepartura  period  due  to  treatment.  However,  differences  were  detected  for  mean 
plasma  concenuations  of  ST  (P<0.0024)  and  INS  (P<0.078)  during  the  same  period 
(Tables  2-3  and  2-9). 

The  mean  concentrations  ofST  on  -21  d before  expected  calving  did  ncldifTer 
for  the  two  groups  (6.1  vs  6.4  ng/ml).  One  week  before  mtpecled  calving,  which 
corrcspoiided  to  the  period  following  slart  of  injections  of  bST.  mean  concentralions  of 
ST  were  greater  for  cows  in  TRT II  (12.7  ng/ml),  whereas  concentrations  of  ST  for 
cows  in  TRT I were  similar  to -21  d (6.8  ng/ml;  Figure  2-9).  Across  ircalracnts. 
significant  elTecls  of  CMO  (1X0.0701)  and  WK  (P<0.0008)  were  delecled  but  nol  due 
lo  TRT'CMO  interaclion  during  prepanum  period  (Table  2-8). 

Plasma  concentrations  oflGF-I  during  the  prepartum  period  are  in  Table  2-8. 
Mean  concentrations  of  IGF-I  did  not  differ  during  the  prepartum  period.  Significant 
effects  of  CMO  (P<O.OD29)  and  WK  (1X0,0245)  were  detected,  but  not  for  the 
TRT-CMO  interaclion  (Table  2-8).  Cows  in  control  (TRT  I)  and  bST  injecled  (TRT  II) 
groups  had  similar  concentralions  oflGF-l  at  3 wk  before  patiurilion  (170.2  and  171.1 
ng/ml,  respeclivcly).  Overall  concenlrations  of  IGF-I  decreased  as  parturition 


approached  (wk  *1)  in  both  groupa(IS6.4  and  160.9  ng/ml|;  this  corre^onded  to  8.1 
and  5.9%  decreasse.  respaclivcly  (Figure  2-10). 

During  the  prcparliun  period,  mean  concentration  otlNS  in  plaama  was 
significantly  higher  in  bST  injected  cows  (TRT II:  F<0.0758;  Table  2-8).  Significant 
cfTect  ofWK  (PO.0546)  was  detected,  but  noi  due  to  CMOor  the  two-foetor 
interaction  TRT'CMO  (Table  2-8).  Mean  plasma  concentrations  of  INS  tended  lo 
increase  slightly  (10%)  from  -2  wk  lo  -1  wk  in  control  group,  whereas  the  increase  was 
significantly  greater  for  cows  in  TRT  II  on  wk  - I (26%;  Figure  2-11). 

Mean  concentralions  of  glucose  arc  In  Table  2-12.  Mean  concentraUons  of 
glucose  in  plasma  did  not  differ  due  to  TRT  (66.3  vs66.4  mg/dl).  No  cnccts  were 
detected  due  to  CMOor  the  two-facior  interaction  TRT'CMO.  A significant  effect  of 
WK  was  detected  (P<0.0648;  Table  2-9).  On  wk  -3,  conccnirarions  of  glucose  were 
66.4  and  64.8  mg/dl  for  TRT  I and  II,  respectively.  However,  on  wk-1.  glucose 
concentrations  had  increased  slightly  lo  68,0  mg/dl  for  cows  in  bST  injected  group, 
whereas  they  were  unchanged  for  cows  in  TRT  I (66.1  mg/dl;  Figure  2-12).  Although 
the  slight  difTerences  in  concentrations  between  groups  on  wk  -1  were  not  significant, 
increase  forbST  injected  group  from  wk -3  to  wk -I  was  significant  (PO-05;  Figure  2- 
12). 

During  the  prepartum  period,  mean  concentrations  of  NBFA  in  plasma  did  not 
differ  between  treatments  (Tables  2-9  and  2-12).  Significant  clfecls  were  detected  due 
to  CMO  (P<0-0001 ) and  the  two-factor  interaction  TRT'CMO/PeO.OOS  1 ) but  not  due 
to  WK  (Table  2-9).  Plasma  concenuations  of  NEFA  tended  to  increase  slightly  (9.5%) 
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Figure  2-12.  Least  squares  means  of  concentrations  of  Ciucose  in  plasma  durisg  the 
transition  period  and  through  8 weeks  of  lactation.  Arrow  indicates 
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from  wk -3  to  wk-1  for  cows  in  TRT I (241.1  to  285.4  jiEq/L),  whereas  concentrations 
tended  to  decrease  for  cows  in  TRT  11  (>3.5%,  285.4  to  275.6  |jFq/t  • Figure  2-1 3). 
Posipanum 

Another  objective  of  the  current  study  was  to  evaiuaie  the  metabolic  re^onse  of 
cows  injected  with  bST  from  parturition  throughout  the  early  postpartum  transition 
period  (3  wk)  and  through  wk  3.  A second  series  of  analyses  was  performed  to  evaiuaie 
this  time  period.  During  this  overall  posipanum  period,  no  differences  were  detected  in 
mean  concentrations  of  INS  or  glucose  due  to  treatment  Mean  concentrations  ofICF-l 
tended  to  differ  posipanum  due  to  treatment  (P<0.1083).  Significant  differences  were 
detected  for  mean  plasma  concentrations  of  ST  (P<0.0001)  and  NEFA  (P<0.008S) 
during  the  same  time  period  due  lotreaunem  (Tables  2-10  and  2-11). 

Least  squares  mean  concentrations  of  ST  differed  signilicsntly  for  TRT  groups 
(P<0.0001;  Table  2-10).  Cows  treated  with  bST  posipanum  hod  greater  concentrations 
of  ST  (14,6  ng/mL;  Table  2-12)  than  control  cows  (9.3  ng/mL)and  concentrations 
remained  greater  throughout  this  early  posipanum  period.  After  calving,  mean 
concentrahons  of  ST  in  control  group  (TRT  1)  increased  and  concentrations  remained 
greater  during  this  period  (Figure  2-9).  No  elTecIs  due  to  CMO,  WK  or  Iwo-faclor 
interaction  TRT'CMO  on  ST  concentrations  were  detected  (Table  2-10). 

For  IGF-I.  no  signilicant  effects  of  CMO  (P<0.0461)  or  the  two- factor 
interaction  (TRT'CMO;  P<0.06020)  were  delected  (Table  2-10).  Asignificant  linear 
effect  ofWKon  IGF-I  eonceniralions  was  observed  (P<0.0230).  Overall,  mean  plasma 
conccntraiions  oflGF-l  decreased  following  parturition  for  cows  in  both  TRT  I (-35%) 
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!indIl(-31H)iindreinuncd  lowalwk4.  DifTercnces  between  the  trsaim«nla  w«e  not 
significant  at  wk  I or  wk  4.  Mean  plasma  concentrations  of  IGF*!  increased  at  wk  S in 
TRT I (IS  and  II  (32  %)  and  differed  between  groups (P<0.09;  Figure  2-10). 

During  the  postpartum  period,  mean  concentrations  of  INS  in  plasma  did  not 
differ  between  treatments  (Table  2-12).  No  significant  effects  of  WK,  CMOor  the 
two-factor  interaction  (TRT’CMO)  were  detected  for  concentrations  of  INS  (Table 
2-10).  Plasma  concentrations  oflNS  decreased  significantly  alter  parturition  in  both 
groups  and  declined  fuither  at  wk  4.  However,  at  wk  8,  concentrations  oflNS  in 
plasma  increased  significantly  for  cows  in  both  TRTI  (P<0.0758)  and  II  (P<0-02; 
Figure  2-11). 

For  glucose,  no  significant  effects  of  TRT.  wk,  CMO  or  the  two-factor 
interaction  (TRT*CMO)  were  delected  during  the  8 wk  postpartum  period  (Table 
2-11).  Cows  in  both  treatment  groups  showed  stable  or  sli^tly  decreased  plasma 
concentrations  ofglucose  after  parturilion  and  they  remained  lower  as  laclalion 
advanced  (Figure  2-12). 

Lcaai  squares  mean  concentmlions  ofNEFA  during  the  first  8 wk  postpartum 
for  TRT  groups  differed  significantly  (P<0.0085).  Significant  effects  were  detected  on 
NEFA  concenlratioiis  duo  to  WK  (P<0.000l),  CMO  (P<0.0610)  and  the  two-factor 
interaction  TRT*CMO  (P<0.0074;  Table  2-1 1).  After  calving,  mean  concentralions of 
NEFA  increased  for  cows  In  bolh  groups.  Cows  treated  with  bST  tended  to  have  higher 
mean  concentrations  of  NEFA  (579.8  pEq/L)  than  control  eows(470.0  pEq/L). 


However,  concenmtions  of  NEFA  had  declined  in  both  groups  at  wk  8 (TRT  1=2 
vsTRT  11=222.2  pEq/L;  Figure  2-13). 


A series  of  metabolic  adaptations  normally  occurs  in  cows  during  late 
pregnancy  and  the  early  lactation  period.  These  adaptations  are  nrainly  characterized 
by  increased  hepatic  gluconeogenesis  to  provide  for  increased  use  of  glucose  by  the 


reduced  peripheral  utilization  of  acetate,  and  slightly  increased  mobilization  of  NEFA 
Ihtm  adipose  tissue.  Increased  availability  of  glucose  to  support  milk  synthesis  results 
&om  an  overall  decrease  in  its  use  by  other  tissues.  Increased  peripheral  utilization  of 
NEFA  and  P-hydroxybutyrste  is  associated  with  these  changes  (Bell,  1995).  Reduced 
glucose  utilization  artd  low  etiCTgy  intake,  due  to  the  moderate  to  large  decrease  in 
DMI.  results  in  greater  concentrations  of  NEFA  and  ketones  (Petterson  et  al  .,  1994). 

One  of  the  major  objectives  of  this  experiment  wos  to  evaluate  the  changes  in 
BW  and  BCS  during  ~ -3wk  prepartum  through  10  wk  postpartum.  Reports  by  Keru  et 
al.  (1991)  and  Garcia  11998)  indicated  that  cows  not  treated  with  bST  had  the  greatest 
loss  in  BCS  and  they  did  not  start  recovery  of  BCS  until  8 wk  oflactation.  However, 
cows  treated  with  bST  preponum  and  postpartum  had  less  pronounced  losses  in  BW 
and  BCS  losses  than  cows  not  treated  (Garcia.  1998).  In  the  currenl  study,  although 
prupartum  BW  and  BCS  did  not  differ  between  the  treatment  groups,  cows  in  bST 
treated  group  maintained  their  BW  and  BCS  belter  than  cows  in  comrol  groups 
following  parturition.  Recovery  of  BCS  and  gain  in  BW  started  al  wk  6 for  both  groups 


and  cows  in  TRT II  mainlained  higher  BW  Ironi  wk  2 poslpanum  through  wk  !0 
posipamim  (Figures  2-4  and  2-5). 

Rapid  and  high  rate  of  increase  in  DMI  during  early  laclalion  is  essential  to 
provide  energy  and  nutrienu  to  support  the  rapid  Increase  in  milk  yield.  Cows  treated 
with  bST  (5  and  14  rag/d)  during  the  previous  lactation,  but  not  throughout  the  dty 
period,  had  greater  DMI  during  the  subsequent  early  lactation  period  (Lean  et  al„ 
1991).  Simmons  el  al.  (1994)  concluded  that  DMI  tended  to  increase  about  3 kg/d 
more  in  bST  treated  cows  (d  and  14  mg/d)  alter  parturition.  Garcia  (1996)  found  that 
cows  injected  with  -d.l  mg  bST/d  during  both  the  prepartum  and  postpartum  periods 
had  greater  DMI  than  uninjected  controls,  or  than  cows  injected  with  'S.l  mg  bST/d 
only  during  the  prepartum  period,  or  only  during  the  postpartum  period.  Results  of 
Culay  et  al.  (2000)  also  showed  that  greatest  increases  in  DMI  were  by  cows  injected 
with  15.3  mg  bST/d  during  both  the  prepartum  ond  the  poslpanum  periods.  Even 
though  no  direct  measure  of  DMI  wos  made  during  the  current  experiment,  changes  in 
both  BW  and  BCS  following  panurition  suggested  that  cows  treated  with  10.2  mg 
bST/d  bener  maintained  their  DMI  during  the  transition  period.  During  current  study, 
greater  DMI  of  cows  in  bST  injected  group  (TRT  II)  likely  was  due  to  positive  elTecls 
ofbST  treatment  on  DMI,  as  typically  occurs  in  lacialingcows  injected  with  bST. 

Another  objective  of  this  study  was  to  evaluate  the  effects  ofbST  to  detcmiine 
ifthere  was  an  effect  on  milk  production  due  to  bST.  The  galactopoietic  response  to 
exogenous  injections  ofbST  during  lactation  confirms  that  ST  has  an  important  role  in 
many  adaptations  dial  occur  during  the  transition  from  the  non-laclating  to  the 
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laclaling  slate.  In  Uie  current  study,  a significant  effect  on  milk  production  was  delected 
due  to  treatment  during  the  dOd  bST  injection  period.  Increase  in  milk  and  5.5%  FCM 
yields  were  about  6.6%  throughout  the  injection  period.  This  also  agreed  with  the 
lindings  ofSlanisicwski  ci  al.(l99l).  They  reported  that  slightly  greater  than  a 6% 
increase  in  3.5%  FCM  yields  occurred  when  cows  were  injected  with  5 or  14  mg  bSTid 
from  14  d postpartum  through  60  d poslpanum.  Garcia  (I99SI  reported  that  nflcr2  w'k 
of  lactation  cows  that  had  been  Injected  with  low  doses  ofbST  ('5.1  mg  bST/d)  during 
the  prepanum  and  postpartum  periods  (d  -2 1 through  ~d  60)  had  a greater  and 
sustained  increase  in  production  during  early  ioeialion  compared  to  cows  in  the  other 
treatments  (no  bST.  or  injected  either  prepanum  or  poslpanum  with  5.1  mg  bSTid).  In 
addition  to  that,  although  not  significant  because  of  small  numbers  of  cows  in  each  of 
rhe  four  treatment  groups  evolualcd.  Gulaycl  al.  (2000)  found  increased  mean  MY  and 
trends  in  milk  production  when  cows  were  injected  with  lOJor  15.3  nigbSTid 
beginning  prepanum  and  continuing  through  ~60  d poslpanum  In  another  study,  cows 
treated  with  bST  (500  mg  over  14  d period)  slaning  23  d prior  to  especled  calving  date 
through  panurition  produced  3.3  kgfd  more  milk  than  uuinjecled  conlrols  during  Ihe 
firsl42d  of  laclaiion  (Putnam  cial.,  1998).  Moallem  cl  al.  (2000)  concluded  lhalbST 
injected  early  in  laclaiion  increased  MY  and  DMIofeows  after  treatmenl  wiih  bST  was 
initiated.  On  the  other  hand,  increase  in  DMI  was  not  enough  to  support  the  irKrease  in 
MY  and  injected  cows  faced  an  eaieiisive  period  of  NEB  which  resulted  in  BW  and 
BCS  loss.  However,  in  that  study  cows  received  a full  dose  of  bST  (500  rag/l4d)  which 
resulted  in  a severe  NEB  imposed  on  the  injected  cows.  When  cows  were  injected  with 


5 OT  H mgbST/d  from  14  d poslpanum  through  60  DIM.  they  produced  more  FCM 


than  controls  (Stanisiewski  et  ah, 1 991),  In  addition,  cows  receiving  the  lower  dose  had 
higher  pregnancy  rate  and  higher  conception  rate  than  ell  other  experimental  cows  and 
they  also  maintained  BCS  as  well  as  controls.  Eppard  ei  al.  (1996)  lailed  to  bereaae 
MY  when  they  injected  Holstein  and  Jersey  cows  during  the  preparlum  period  with  a 
lull  standard  dose  of  bST.  However,  because  cows  also  were  used  for  milk  fever 
induction  and  plasma  concentrations  of  ST  were  low  for  treated  cows  in  this  study.  This 
may  explain  results  obtained- 

Chalupa  et  al.  (l9gS|  reported  a 4.7  kg/d  increase  in  MY  over  control  cows,  and 
a 1 .05  point  increase  in  fat  percentage  when  cows  were  treoted  with  50  lU  bST  starting 
at  4 wk  of  lactation.  In  the  same  study,  feed  intake  of  injected  cows  also  tended  to 
increase  (P<0,l  I).  In  the  current  study,  the  treatment  group  that  had  the  greater  BW 
and  BCS  also  had  the  greslest  milk  yield.  Even  though  cows  in  TRT 11  had  the  highest 
milk  production,  their  BW  also  was  significantly  greater  (P<0.08;  Tabie2-4).  Therefore, 
it  seems  very  likely  that  milk  production  was  supported  to  greater  extent  by  increased 
DMI  than  by  more  extensive  tissue  mobilization  to  provide  the  energy  to  support 
lactation  because  Oiey  also  lost  less  body  condition  during  this  time  period. 

Reduced  DMI  immediately  before  and  afier  parturition  can  limit  onset  and  rise 
in  milk  yield  during  early  luctation.  This  limitation  to  milk  production  likely  would  be 
Icnst  for  cows  with  greater  DMI.  The  group  with  the  greater  DMI  during  the  transition 
penod  and  during  the  Isciaiion  would  have  greater  quanlilics  of  energy  and  other 
nutrients  needed  to  support  maintenance  ofbody  tiasuesand  milk  production.  Asa 


resulu  change  in  BW  and  BCS  for  Ihe  cows  irealed  with  bST  would  be  loss  and  less 
lipid  and  protein  mobilization  likely  would  occur.  The  bST  injected  group  had  greater 
BCS  and  greater  production,  which  supports  the  conclusion  that  they  had  maintained 
higher  level  ofDMI  during  the  Iransition  period,  especially  during  Ihe  last  week  of 
pregnancy  and  first  week  oflaetalion. 

Injecting  low  doses  of  bST  had  positive  effects  on  concentrations  of  various 
hormones  and  metaholileswhen  injected  during  - *21  d prepartum  through  ' 60  d 
postpartum  periods  (Garcia  el  al..  2000;  Gulay  ci  al.,  2000).  Plasma  concentrations  of 
hormones  (ST  and  INS),  growth  factor  (IGF-I)  and  NEFA  also  were  altered  during  the 
time  period  that  includes  Ihe  defined  transition  period  from -3  wk  hefore  calving  up  to 
S wk  postpartum  in  Ihe  current  experiment.  Bauman  and  Vernon  (1993)  repotted  dial 
plasma  concenlroiions  of  ST  increased  during  late  pregnancy,  with  greatest 
concentrations  at  calving  and  during  Ihe  early  posipanum  period.  In  the  curreni 
experiment,  cows  treated  with  bST  had  higher  concentrations  of  ST  than  control  cows 
and  they  remained  high  throughout  the  early  postpartum  period  (Figure  2<9).  These 
results  agreed  with  previous  findings  (Bauman  and  Vernon,  1993).  Lucy  et  al.  (1993) 
reponed  lhat  cows  injected  with  bST  during  the  postpartum  period  had  increased 
concentrations  of  ST  in  plasma.  Furthermore,  cows  injected  prepartum  with  25  mg 
bST/d  had  greater  plasma  concentrations  of  ST  than  untreated  cows  (Bachman  el  al.. 


1992).  Prepartum  injections  ofi  and  14  mg  bST/d  increased  plasma  concenirahons  of 
ST  which  remained  elevated  (6.5  vs  22.7  ng/ml)  during  the  prepartum  period,  whereas 


uninjecled  cows  on  Ihe  same  suidy  had  low  concenlralions  ( i .6  ng/ml)  during  Ihe  same 
lime  period  (Simmons  cl  al.,  1994). 

Somaloljopin  has  a major  role  in  regulation  oflCF'l  secrelion  and 
concenlralions  in  plasma  (Bauman,  1992).  SynUieais.  release  and  circulating 
concenlralions  of  IGF-I  are  positively  cortdaicd  with  secretion  of  ST.  Injections  of 
bST  resulted  in  increased  concenlralions  oflCF-l  during  both  early  and  late  lactation 
(Lucy  cl  al.,  1993;  Staples  and  Head,  I9SS).  Cows  injected  with  10,2  or  1 3.3  mg  bSTfd 
had  greater  concenlralions  oflCF-l  than  control  cows  that  were  not  injected  after 
parturition  (Gulay  et  al.,  2000).  In  addition,  the  IGF-1  response  to  bST,  as  measured  by 
concentrations  in  plasma,  was  greater  when  cows  were  in  positive  energy  balance 
(Bachman  ei  uJ..  1992).  The  current  study  failed  to  delect  an  increase  in  concentrations 
of  ICF-I  during  the  prepanura  period.  However,  cows  in  this  study  were  sampled  only 
once  after  bST  ircatmenls  started  (wlc-l)and  this  might  notbecnou^  lime  to  provoke 
or  even  to  delect  an  increase  in  plasma  concentrations  of  IGF-I.  even  if  it  had  occurred. 
Additionally,  the  sampling  time  was  closer  to  lime  ofpanuriiion  al  which  lime  a 
decline  in  IGF-I  concentration  in  blood  normally  is  expected.  In  the  current  study, 
plasma  concenlralions  oflGF-1  decreased  around  parlunlion  (Figute  2-9)  and  after 
calving  in  both  injected  and  uninjecled  groups  of  cows  and  this  agreed  with  resulls  of 
Bricrelal. (1988) and  McGuire(l992). 

Although  concentrations  of  ST  remained  elevated  during  the  last  week  of 
pregnancy,  plasma  conccmruiions  of  IGF-I  decreased  during  the  prepanum  period  (wk 
-3iowk-l).  niesorcsullsaresimilartothatofSimmonseIal.(l994).  Theyreporied 


i oriGF-1  did  no<  remain  high  even  diough  concemrallons  of 


bST  in  plasma  were  grealer  from  d -21  m d *1  prepanum.  Low  circulating 
concentrations  of  [CF*i  during  this  time  was  associated  with  low  nutrient  balances 
during  early  lactation  (Vicini  et  al.,  1991).  Restriction  of  DMI  in  growing  steers 
decreased  the  basal  concentration  of  [GF-I  in  blood  and  lerminaied  the  positive 
response  oflGF-I  to  exogenous  bST  trealment  because  response  was  uncoupled  from 
bST  due  to  reduced  intake  (Brier  et  a!^  I9gg).  Low  concentrations  of  IGF-I  in  blood 
during  early  lactation  are  associated  with  bw  DMI  during  this  period  (Rungeet  aU 
I9SS).  Although  a decrease  in  lGF-1  concentrations  was  observed  for  both  treatment 
groups  in  the  current  study,  mean  concentrations  oflGF-l  for  cows  in  TRT II  were 
significantly  grealer  at  wk  8 (Figure  2-10).  Decline  in  plasma  concentrations  of  IGF-I 
after  parturition  in  both  groups  might  be  a response  to  decreased  DMI  experienced  by 
the  cows  around  the  time  of  parturition.  Thus.  Ihe  incteosc  in  circulating  concentrations 
oflGF-I  In  bST  injected  cows  after  calving  might  Indicate  better  nutritional  sums  since 
nutritional  status  has  on  important  role  in  Ihe  circulating  concentrations  of  IGF-I  (Brier 
cl  oU  1986). 

During  Ihe  prepartum  period,  mean  concentrations  of  INS  in  plasma  were 
significantly  higher  in  bST  injected  cows  (Table  2-8).  However.  Bachman  et  aJ.  (1992) 
reported  that  plasma  concentrations  of  INS  decreased  as  cows  approached  calving.  On 
Ihe  other  hand,  results  of  the  current  study  agreed  with  those  of  Vicini  eial.  (1991). 
They  reporied  increased  concentrations  of  [NS  during  late  laclalion  and  Ihe  dry  period 
whcnbST  also  was  injected.  Insulin  concentrations  of  cows  injected  with  10.2  or  15.3 


mg  bST/d  slso  were  grealcr  than  in  uninjected  control  cows  during  the  preportum 
period  (Guley  et  ah,  2000).  High  concentrations  of  INS  in  blood  were  associated  with 
positive  EB  of  the  cows  that  had  greater  DMI:  a change  that  also  promoted  higher 
conccnirations  of  glucose  in  blood  during  the  dry  period.  However,  during  the 
postpartum  period,  mean  concentrations  of  INS  in  plasma  declined  in  two  groups  of 
cows  that  were  in  negative  EB  (Vicini  ct  al.  1991).  The  results  of  the  current  study 
agreed  with  findings  that  concentralionsof  INS  declined  around  parturition  (Garcia. 
1998;  Gulay,  1998;  Malvon  et  al,  1987b).  Decrease  in  INS  receptors  and  decrease  in 
concentrations  oflNS  following  parturition  result  in  depression  of lipogenests 
(Mepham.  1987),  Decile  the  reduced  concentrations  of  INS,  INS  receptor  numbers 
increase  in  mammary  tissue  ui  parturition.  In  addition,  during  lale  pregnancy,  increased 
resistance  to  [NS  causes  a decrease  In  response  to  INS  in  adipose  tissue  such  that 
lipotysis  and  mobilisation  of  NEFA  were  increased  (Pellcnon  el  a!..  1994). 

Overall,  actions  of  ST  on  INS  ^outd  result  in  greater  availability  of  glucose 
during  the  dry  period  to  support  milk  synthesis  during  the  upcoming  lacuilon. 

Although  the  current  study  failed  to  detect  a significant  difference  in  prcparium 
concentralions  of  glucose  between  treatments,  the  increase  seen  al  wk  >1  for  cows  in 
TRT II  (Figure  2-1 2)  was  signillcani  within  the  TRT  group.  Somatotropin  may  have 
had  a positive  elTecI  on  plasma  glucose  concentralions  during  Ihe  lime  period  evaluated 
which  coincided  with  Ihe  lime  period  when  inercosed  plasma  concentralions  of  INS 
were  seen  prepanum.  This  may  huve  been  eHecled  direelly  via  hcpolic  cells  by 
promoting  increased  gluconeogcnesisor  indirectly  by  antagonistic  effects  of  ST  on 
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[NS.  Lacl2lion  is  characterized  by  low  concentrations  oHNS  and  a high  ST;TNS  ratio. 
Somatotropin  has  a negative  elTeci  on  ability  of  INS  to  inhibit  gluconeogenesis.  and  it 
also  inhibits  both  INS  uptake  by  the  cell  and  the  INS  prolcaso  necessary  Tor  the  action 
of  INS  (Sechen  ct  al.,  1990).  Somatotropin  also  has  been  shown  to  decrease  the  ability 
of  INS  to  suppress  gluconeogenesis  (Sechen  et  al..  1990).  These  changes  would 
increase  glucose  production  via  gluconeogenesis  and  priority  use  of  glucose  for 
mammary  tissues  then  could  occur. 

In  the  current  experiment,  no  significant  effects  of  TRT  on  concentrations  of 
glucose  in  plasma  were  delecled  during  posipanum  period  and  decreased  plasma 
coiicentralions  of  glucose  after  parluniion  were  observed  for  cows  in  both  groups. 
However.  MY  of  cows  in  TRT  II  averaged  2 kg/d  more  than  for  cows  in  TRT  I.  This 
suggests  there  was  a higher  rale  of  gluconeogenesis  and/or  higher  DMI  by  the  bST 
injccled  cows  during  early  postpartum  period.  These  changes  would  support  increased 
MY  by  providing  energy  and  precursors  needed  for  milk  synthesis. 

Mean  conccniralion  ofNEFA  for  TRT  groups  did  not  differ  significantly  during 
the  prepartum  period  and  no  significant  increase  in  concentrations  ofNEFA  in  plasma 
was  observed  for  either  injected  oruninjected  cows.  However,  during  postpartum 
period  a different  pattern  was  observed.  Although  cows  in  both  groups  had  greater 
mean  concentrations  ofNEFA.  cows  Ircaiod  with  bST  had  greater  mean  concentralions 
in  plasma  after  calving.  However,  concentrations  declined  in  both  groups  of  cows  after 
calving  and  were  slighlly  lower  al  wk  8 poslparium  (Figure  2-13).  As  mentioned 
previously,  lactation  is  characterized  by  low  concentralions  of  INS  and  a high  STtlNS 
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Rilio.  Decrease  in  INS  reccpiors  and  decrease  in  concenimions  of  [NS  following 
panurition  resull  in  depression  of  lipogenesis  (Mepham.  1987>.  Despile  Ihe  reduced 
concemradons  of  INS.  INS  rceepror  numbers  increase  in  mammary  tissue  at 
parturidon.  In  addidon,  during  lale  pregnancy,  there  is  increased  resistance  to  INS  and 
this  causes  a decreased  elTect  of  INS  in  adipose  tissue  resulting  in  increased  lipolysis 
and  NEFA  mobilization  (Pederson  et  ah,  1994).  Bell  (1995)  concluded  that  a 
combination  of  metabolic  changes  such  as  a decrease  in  tfenoro  synthesis  ofTC. 
increased  lipolysis,  reesterilicadon  of  fatty  acids  in  the  adipose  tissue,  end  reduced 
intracellular  reesterincalion  of  fatty  acids  arising  from  lipolysis  may  cause  increased 
mobilization  of  NEFA.  High  concentrations  of  NEFA  in  plasma  also  are  associated 
with  actions  of  some  metabolic  hormones.  For  example,  high  concentrations  of  ST  in 
plasma  during  lale  pregnancy  may  reduce  INS  receptors  on  adipocytes,  inhibit  Ihe 
action  of  a second  messenger,  or  inhibit  the  INS  protease  required  for  action  oflNS. 
These  changes  will  decrease  rules  of  lipogenesis.  Thus.  ST  can  be  considered  a major 
regulaiorofmelabolicadapuiions  during  the  transition  period  (McNamara,  1995).  As 
indicated,  ST  is  a primary  homcorheiic  regulator  during  pregnancy  and  tocuiiion 
(Bauman  and  Veraon,  1992);  it  regulates  partitioning  of  nutrients  (carbohydrsles, 
lipids,  protems,  and  minerals),  and  ploys  an  impononl  role  in  the  coordination  of 
various  organs  and  tissues  (Bauman,  1992).  Nutritional  status  plays  o major  role  in  the 
regulation  of  lipid  metabolism.  When  cows  arc  in  positive  EB.  synthesis  and 
deposition  afiipids  in  adipose  tissue  is  reduced  by  ST  which,  in  turn,  increases  nutrienc 
utilization  for  milk  production  (Bauman  and  Vernon,  1993).  Thus.  ST  reduces  INS 


aclion.  suppresses  lipogenic  enzyme  activity,  and  reduces  glucose  uptake  (Bauman  and 
Vernon,  1993),  All  these  changes  in  actions  oflNS  during  the  transition  period  would 
support  production  of  glucose  Bom  available  precursors  and  conservation  of  glucose 
for  mammary  use  by  hiding  peripheral  tissues  to  utilization  orother  substrates 
available  due  to  actions  ofST  and  (NS.  When  cows  are  In  negative  EB.  ST  stimulates 
lipolysis  primarily  by  altering  the  sensitivity  ofadiposc  tissue  to  P-adrenergic  agenis 
(Bauman  and  Vernon.  1993).  Therefore,  for  cows  that  are  in  negative  EB  and  treated 
with  bST,  increased  lipid  mobilization  would  be  a major  source  of  energy  needed  to 
support  milk  production  (Sechen  el  af.  1990). 

In  the  current  study,  cows  injected  with  10.2  mg  bST/d  maintained  their  BCS 
and  BW  belter.  This  suggests  that  these  cows  wore  loss  dependent  upon  their  body 
reserves  to  support  lactation  than  were  uninjecled  cows  or  those  given  a low  dose  of 
bST.  Maintenance  of  BCS  and  BW  would  be  oneconseguence  of  greater  DM], 
Therefore,  less  of  the  energy  and  precursors  needed  to  support  mammary  Binciion 
during  lactation  vmuld  arise  Bom  their  body  reserves.  To  support  milk  synthesis, 
metabolism  of  other  tissues  is  stimulated  to  provide  the  necessary  precursors  and 
energy  sources.  Inaddilionlo  Incrcesed  glucose  production  In  the  liver,  glucose  usage 
by  other  lean  body  tissues  decreases.  Although  glucose  is  used  as  the  primary  energy 
melabolltc  and  as  a precursor  for  synthesizing  milk  constituents  In  the  mammary 
glands,  energy  needed  by  these  other  body  tissues  can  be  derived  Bom  products  of 
lipolysis.  Therefore,  lipolysis  also  must  be  an  important  pathway  »rrd  by  cows  to 
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provide  needed  precursors  in  the  early  poslpamim  penod,  especially  lo  supply  the 
energy  for  mi  Ik  production. 

As  indicated,  ST  acting  as  a homeorheiic  controller  exerts  important  control 
over  partilloning  of  nutrients  and  metabolism  of  substrates  by  various  organs  and 
tissues.  Importantly,  it  appears  lo  act  on  hepatic  cells  as  well  as  on  adipose  tissue. 
Metabolism  of  proteins,  minerals,  lipids,  carbohydrates  and  other  nutrients  is 
coordinated  by  ST  (Bauman,  1992).  Somatotropin  exens  many  differential  cffecuon 
protein  metabolism  in  both  mammary  and  non-mammary  tissues. 

Conclusions 

Results  of  this  study  suggest  that  use  of  lower  dose  of  bST  during  transition 
period  caused  no  additional  negative  energy  balance  in  injected  cows  compared  lo 
uninjcctcd  cows.  Injection  of  bST  resulted  in  better  recovery  of  BCS  during  early 
lactation.  Treated  cows  produced  mote  milk  and  3.3S  FCM  during  the  injection 
period.  They  also  had  higher  concentrations  of  ST  and  INS  preponum  and  higher  ST. 
lOF-landNEFA  postpartum.  Thus,  the  changes  in  concemrarions  ofmelabolic 
hormones  likely  had  a role  In  the  positive  effects  on  BW,  BCS  and  MY  that  were  seen 
for  cows  in  TRT II.  However,  no  carryover  cfTccU  of  bST  were  delected  on  MY  and 
the  increase  in  MY  did  not  persist  afler  bST  injections  were  discontinued  around  42  d 
postpartum.  This  could  bcduelothc  fact  dial  preparlum  injections  ofbSThadno  effecl 
or  a minimal  effect  on  cell  proliferation  or  amount  of  parenchymal  lissue  in  the 
mammary  glands.  It  most  likely  exerted  its  cffcci  on  the  synthetic  activity  of  these 


cells. 


No  oppareril  calving  probtems  or  prcparlum  or  postpariiun  health  problcma 


were  observed  for  the  cows  across  the  treaimcitls  during  the  UTinsition  period.  Hence,  it 
appears  that  cows  could  be  treated  with  low  doses  ofbST  to  improve  MY,  even  if  they 
were  to  be  injected  with  the  full  dose  ofbST  (500  mg  bST/14  d)  later  in  the  lactation 
(anerbOd).  No  negative  treatment  elTect  was  observed  at  Ihe  end  of  lactation,  as 
determined  by  culling  rates  (TRT  I^IS  vs.  TRT  11^12  cows).  This  suggested  that  no 
dcirimcniol  cffecla  occurred  during  the  declining  phase  of  Ihe  lactation.  As  a result,  it 
appears  that  10.2  mgbST/d  injections  could  be  used  during  the  immediate  postpartum 
period  and  probably  during  the  preparlum  period  to  improve  efliciency  of  milk 
production  end  improve  overall  milk  yields  during  early  laclation.  However,  the  effect 
ofbST  injections  preparlum  must  be  tested  alone  to  fully  evaluate  any  role  it  has  upon 
subset|ucnl  health  and  production  measures. 


CHAPTER  3 

FEEDtNG  MANAGEMENT  OF  HOLSTEIN  COWS  GIVEN  SHORT  (30  d)  OR 
NORMAL  (60  d)  DRY  PERIODS 

Inlroduciion 

Dry  M»HCT  LnUke  «nd  Ihe  TransiUon  Pcnod 

Although  the  maxiimim  capucily  to  produce  milk  depends  upon  the  animal's 
genetic  makeup,  age,  physiological  stage  and  environment,  energy  intake  also  is  a primary 
limitation  of  milk  production  by  animals,  e^eciolly  during  early  lactation  (lllius  and 

into  early  lactation.  ThcDMIis  influenced  by  numerous  factors  such  as  physical 
limitations  of  rumen  capacity,  fat  mass  of  animal,  and  metabolic  changes  and  signals 
occurring  during  the  transition  period  (Ingvartsen  and  Andersen.  2000). 

It  has  been  suggested  that  the  decline  in  DMI  during  late  pregnancy  is  caused  by 

accumulation  of  abdominal  fat  (Forbes,  1968).  However,  it  is  unlikely  that  the  decrease 
in  DMI  is  caused  exclusively  by  rumen  volume.  Decreased  rumen  volume  actually  con  be 
balanced,  in  pan,  by  increased  rale  of  passage  of  panicles  out  of  the  rumen  (Kaske  and 

decline  in  DMI  during  laic  pregnancy  compared  to  a diet  containing  a low  proportion  of 
concenlroles  (Coppock  el  al..  1974).  Funhermore,  (Friggens  et  al.  (1998)  did  not  observe 


the  nijncn  were  the  major  factor  dclcrTninitig  DM)  of  mminanis.  The  bicrease  in  DMI 
follows  the  increase  in  MY  (Friggens  el  1 998).  As  a result.  It  can  be  concluded  that 
rather  than  physical  constraints,  metabolic  and  hormonal  changes  likely  play  a major  role 
in  regulating  DMI. 

Increased  accumulation  of  lipids  in  body  reserves  during  the  prepanum  period 
down  regulates  DMI  (Bmsicr  and  Brosler,  1984).  Good  body  condition  al  calving  is 
important  for  high  producing  dairy  cows.  On  the  other  hand,  overcondilioning  is  not 
needed  and  should  not  occur  during  the  diy  period.  Postcalving,  cows  with  higher  BCS 
lose  more  eondition  than  cows  with  lower  BCS.  which  also  return  to  positive  cneigy 
balance  faster  (Garmwonhy.  1988).  However,  a cow  that  is  dried  off  with  a BCS  of  4.S 
should  he  maintained  al  that  level,  because  losing  weight  during  the  dty  period  incmascs 
subsequeni  incidences  ofmciabolic  diseases  (CcrIolT and  Herdt.  1984).  Ruegg  and  Millon 
(1995)  concluded  that  cows  with  higher  BCS  at  calving  lost  weight  for  a longer  time  alter 
calving  than  cows  with  modcrale  BCSt  average  condition  lost  was  0.80  from  d 20 
prepartum  through  d 50  to  90  postpartum.  Ingvartsen  el  al.  (1997)  concluded  ihal  there 
was  a positive  relationship  between  prepartum  weight  gain  and  the  eslcnl  of  poslpanum 
mobillaaiion  of  body  tissues.  They  also  argued  that  more  than  40  kg  BW  gain  during  the 
dry  period  would  depress  feed  intake  poslporium  and  cause  excessive  mobilization  of 
body  tissue.  However,  association  between  adipose  tissue  and  metabolic  signals  that 
delemtlnes  appetile  has  yet  to  be  fully  described  for  cows. 

Copious  milk  secretion  associated  with  glucose,  protein  arid  lipid  drain  results  in 
mobilization  of  body  fat  and  a rise  in  plssma  conccnirailons  ofNEFA,  glycerol  and 


ketone  bodies.  In  rats,  a negative  correlation  wa.s  observed  between  feed  intake  and 
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cinrutaling  concentralmnsofNEFA.  glycerol  and  ketone  bodies  suggesting  that  these 
metabolites  were  potential  signals  for  regulation  of  feed  intake  (Carpenter  and  Grossman, 
1983>.  In  dairy  cows.  4 h infusion  of  lipids  that  provided  16.7  Ml  of  ME,  resulted  in  a 
slight  decrease  in  DMI  posiinjection  (Barcille  and  Favcnlin,  1996). 

It  has  been  speculated  that  oxidation  ofNEFA  in  the  brain  and  the  liver  can 
decrease  DMI.  However,  increased  oxidation  ofNEFA  in  Ihc  ventrolateral  hypothalamus 
for  14  d had  no  effect  on  food  intake  or  BW  of  rats  (Beverly  and  Martin.  1991).  When 
oxidation  was  inhibited  by  mercoptoacelate.  which  depresses  tong  choin  acyl  CoA 
dchydiogcnase  activity  (Singer  and  Ritter.  1993).  or  by  mclhyipalmoxiraic.  which 
dcprcsse.s  Ihccainilmepalmitoyl  acyl  iransfcrasc-l  concentration  in  the  mitochondria 
(Horn  et  al.  1 999),  feed  intake  was  increased  in  rats  having  high  fatty  acid  oxidation  rates. 
On  the  other  hand.  Choi  et  al.  (1997)  observed  a substantial  decrease  in  DMI  during  the 
first  4 hr  postinjection  when  diey  blocked  folly  acid  oxidation  in  dairy  heifers  by  using 
sodium  mercoploacetalc. 

It  has  been  |X)slulaled  that  glycerol  suppresses  feeding  and  that  it  influencea  intake 
through  a ceniral  nervous  system  mechanism.  Inlracerebroventricular  infusions  of 
glyceml  in  rals  decreased  Iheir  feed  intake  (Davis  cl  al..  1981).  However,  only 
nonphysiologtcal  levels  of  subcutaneous  glycerol  injection  influenced  intake  in  rats 
(Carpenter  and  Grossman,  1983).  Moreover,  portal  vein  infusion  of  glycerol  did  not  affect 
feed  intake  in  castrated  male  sheep  (Forbes.  1995). 

As  indicated  previously,  it  has  been  suggested  that  blood  metaboliles  and 
hormones  alter  feed  intake.  In  rets,  ovariectomy  resulted  bi  a icmporaiy  increase  in  feed 
intake  for  3 10  4 wk  and  this  resulted  in  an  increase  in  BW  (Tamelin  and  Gorski,  1973). 


Injection  of  physiologiccl  doses  of  estrogen  reversed  these  efTccis  and  a reduction  ofBW 


was  observed  as  long  as  estrogen  (Ej)  Lreaunenl  continued  (Tamclin  and  Gor^,  1973). 
Moreover,  in  cows,  intravenous  injections  of  E.  decreased  both  DM)  and  MY  (Gnimmcr 
eial.,  1990).  Progesterone  (P,),  on  the  other  hand,  reversed  the  cITects  of  estrogen  and 
stimulated  feed  intake  f Wade,  1975).  It  has  been  shown  that  plasma  concentrations  of  Pj 
decline  rapidly  the  week  of  calving  and  it  is  almost  undeicclable  the  day  of  parturition. 
Concenlralions  of  estrogen,  on  the  other  hand,  rise  by  midgestalion  and  peak  prior  to 
parturition  (Chew  el  al..  1977).  Intravenous  infusion  of  physiological  amounts  of17 
estradiol,  as  seen  during  estrus  and  late  pregnancy,  caused  a dose'dependenl  decrease  in 
feed  intake  in  castrated  male  sheep  and  in  goals  (ingvartsen  and  Andersen.  2000)  It  was 
suggested  that  E,  had  direct  effects  in  the  paraventricular  nucleus  of  the  hypothalamus 
(Buiera  and  Beikirch,  I9S9).  Progesterone  has  not  been  reported  to  have  a direct  effect  on 
feed  intake  |[ngvarisen  and  Andersen.  2000).  However.  P,  blocks  the  elTecls  of  estrogen 
on  fend  intake  in  cows  (Muir  el  al..  1 972). 

Corticotropin  releasing  factor  |CRP|  decreased  DMI  by  central  nervous  system  In 
cattle  (Ruckcbusch  and  Maibcn.  1986).  Krahn  et  al.  (1986)  showed  a partial  reversal  of 
CRF-mduced  satiety  aDer  ccnuul  administration  ofa  CRF  antagonist.  Because 
hypophyseciomy  had  no  elTeel  on  feeding  or  on  CRF  actions  on  feeding.  AtTTH  and 
cortisol  could  not  be  the  mcdralor  of  Ihe  decreased  appeiilc  (Levine  el  al..  1983). 
Furthermore,  exogenoits  cortisol  did  nol  iniluotcc  inlake  in  canie  (Head  el  al.,  1976). 
Because  concentrations  of  CRF  are  high  around  parturition,  it  may  play  a role  in 
decreased  intake  of  feed  around  calving  (Tucker.  1985).  However,  ic  is  unlikely  that  CRF 
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hasanimportam  rule  in  Teed  intake  regiilallon  during  Ihe  early  posipaniim  period  because 
conccnlmlions  of  CE^  decline  after  calving. 

Somaiostalin  (SS)  plays  a role  in  regutaling  feed  intake  (Ingvartsen  and  Andersen, 
2000).  Manipulation  of  the  SS  center  in  the  brain  indicates  there  is  a central  depressing 
effect  ofSS  on  feed  intake  in  sheep  (Spencer  and  Fadlalla,  1989).  Furthermore, 
immuniaatian  against  SS  in  growing  cattle  enabled  them  to  consume  more  DMi  with  a 
greater  daiiy  gain  and  improved  feed  conversion  ratio  (Ingvartsen  and  Andersen.  2000). 
Insulin  also  appears  lo  play  a role  in  long-term  feed  intake  and  weight  regulation  in 
ruminants  (McCann  et  aL.  1992).  Acute  periphera)  infusion  of  [NS  that  caused 
hypoglycemia  also  resulled  in  decreased  food  Inlakc  in  monogasirics  (Giossmon,  1986) 
and  ruminants  ([>cet2  and  Wangsness,  1981).  However,  injections  of  glucose  prevented 
(NS  induced  hypophagia  (Houpl,  1974).  Long-lerm  infusion  ofiNS  via  hyperinsulinemiC' 
euglyccmic  clamp  techniques  applied  long-tetm  (4  d)  to  ruminants  generally  depressed 
intake  of  feed,  whereas  short-term  (4  hr)  infusions  under  cugl^iemic  conditions  did  not 
alTeci  inlakc  (Barcillc  and  Faverdin.  19%).  It  Is  unlikely  that  INS  plays  a central  role  In 
DMI  during  early  lactation  Itecause  concentrations  of  INS  generally  decrease  after  calving 
and  aremainlaincdal  very  low  concemralions  during  laclation. 


Although  melabolic  signals  and  hormones  play  major  roles  in  regulating  DMh 
physical  and  chemical  charucterislics  ofdietaiy  ingredients  and  their  inleraciions  also  are 
imponani.  Physical  regulallon  ofDMI  occurs  when  feed  intake  Is  limited  by  the  time 
required  for  chewing  or  by  distension  of  the  goslroinicstinsl  tract.  Dietary  faciors  that 
Increase  eating  lime  could  result  in  decreased  ruminating  time,  which  would  Increase  the 


lining  cfTcci  ofibc  dicL  The  leliculonimen  |RR)  generally  i$  the  site  where  di&tcnlion 
often  limits  DMI  ornimlnanis  (Allen.  2000).  Stretch  receptors  and  mcchanomepiors  arc 
located  in  the  muscle  layer  of  the  wall  of  the  RR  and  arc  concentrated  in  the  reticulum 
and  crania]  rumen  (Leek,  1906).  Epithelial  mechanoreceptors  are  excited  by  light 
mechanical  and  chemical  stimuli,  whereas  tension  receptors  are  stimulated  by  distension 
of  the  RR  which  provides  information  to  the  gastric  centrrrs  of  the  medulla  oblongata 
(Leek.  I9S6).  These  receptors  are  very  sertsilive  to  distension  and  can  signal  brain  satiety 
centers  to  the  end  of  the  meal  (ForlKS.  1996). 

Both  volume  and  weight  ofrligesta  in  Ihe  RR  are  important  for  triggering 
disicirsion.  This  was  demonstrated  by  an  experiment  with  steers  ofTcred  a low  quality 
forage  tjiel  (Schellini  el  al..  1999).  In  their  experiment,  DMI  was  reduced  1 12  g for  each 
kilogram  of  weight  and  157  g for  each  liter  of  volume  that  was  added  to  the  RR  as  inert 
Ell.  There  are  multiple  mechanisms  lhat  regulate  DMI.  Both  Ihe  animal's  energy 
requiremcnl  and  the  lllling  cITect  of  the  diet  regulate  distension  ofthe  RR.  However, 
physical  legulaiion  probably  becomes  a primary  factor  when  the  animal's  energy 
requirement  and  filling  elTecl  of  Ihe  diet  increase.  Added  inert  fill  in  die  RR  reduced  DMI 
only  when  cows  wore  in  negative  or  slightly  positive  energy  balance.  Addition  of  inert  fill 
mto  the  RR  had  no  affect  on  DMI  of  cows  when  ene^  balance  was  gmaier  than  3.8 
Meal  ofNELperday  (Allen.  2000).  When  energy  limited  intake.  NDF  conccnlralion  was 
positively  correlated  with  DMI.  However,  when  fill  limited  intake,  NDF  was  negatively 
cOTTeloIed  with  DMI  (Mcitcns.  1994). 

The  filling  capacity  of  forages  was  inversely  relaledloDMI  (Balch  and  Campling, 
1962).  The  NDF  contenl  of  forages  was  more  closely  related  to  DMI  than  other  chemical 


ineasLires  (Van  Soasu  1965b).  Waldc  (1986)  suggcsied  lhal  NDF  conlem  was  the  best 
chemical  factor  to  estimate  the  fillbig  efTecl  of  forages.  However,  NDF  alone  did  not 
predict  the  filling  cfrecl  because  other  faclorssuch  as  particle  lengUi,  particle  fragility, 
and  rate  and  extent  of  NDF  digestion  were  important  contributors  (Mertens,  1994).  Initial 
density  of  feeds  was  related,  in  part,  to  NDF  content  (Merlens,  1980).  However,  the 
filling  effect  of  a diet  also  was  dependent  upon  factors  affecting  rate  of  digestion  and 
passage  from  Ihe  rumen.  Thus,  the  sire  and  density  of  digesia  particles.  RR  motility, 
functional  chsracteristics  of  reticulo-omasal  orillce,  and  rule  of  emptying  of  the 
abomasum  also  determined  the  filling  effect  (Allen.  1996). 

Low  ruminal  pH  can  decrease  fiber  digestion  and  increase  filling  effecl  of  Ihe  diet. 
Site  of  slarch  digestion  also  can  have  slgnificanl  effects  on  DMI  of  cows.  Increased 
ruminal  starch  degradation,  as  a percentage  of  DM,  resulted  in  significant  depression  of 
daily  DMI  of  cows.  This  may  have  been  due  to  increased  acid  production  in  die  RR. 
Increased  osmolality  could  be  another  reason  for  reduced  DMI.  Epithelial  receptors  in 
the  reticulum  and  the  cranial  sac  of  the  rumen  arc  sUmulaled  by  acids,  alkali,  and  hypo- 
and  hyperosmotic  solutions.  Thus,  direct  slimulalion  of  receptors  by  hyperosmotic 
solutions  con  stimulale  saliety.  In  addilJon,  increased  ruminal  slarch  degradalion 
improved  propionate  produclion  (Allen,  1996). 

There  is  substantial  evidence  lhal  propionate  affects  satiety.  Anil  and  Forbes 
(1988)  reported  lhal  there  were  receptors  in  the  liver  that  were  sensitive  lo  propionalc. 
D^ression  of  DMI  by  propionate  was  elimmalod  by  splenic  blockade,  by  hepatic 
vagotomy,  and  by  lolal  liver  denervation.  Fat  can  inhibit  liber  digestion  in  Ihe  RR  and  it 
also  can  affecl  distension.  High  fal  die!  stimulated  choiecyslokinin  (CCK)  secretion. 
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which  suppressed  DMI  by  inhibi  ling  RR  motility  and  the  rste  of  passage.  Added  fat  also 
depressed  DM  digestibility  via  decreased  fermentation.  The  crude  protein  (CP)  of  diet,  on 
the  other  hand,  often  was  related  positively  to  DM!  of  cows.  As  dietary  CP  increased 
from  13  to  ISK  and  NEL  from  1.30  to  I.S4  Mcal/kg  of  DM.  there  was  a 30%  Increase  in 
DMi  before  parturition  (Emery.  1993).  Although  CP  had  a positive  effect  on  DMI.  this 
efrccl  decreased  exponentially  as  the  pcrecnlagc  of  CP  in  the  diet  increased  (Allen,  3000). 
One  unit  increase  in  diet  CP  content  equated  to  nearly  a 0.9  kg^d  increase  in  DMI  at  13% 
CP  in  the  diet  (Roffler  et  al.,  1986).  In  die  same  study,  there  was  only  a 0.04  kg^d  Increase 
in  DMI  at  1 8%  CP  in  diet  (Rofller  et  al..  1986).  The  positive  effect  of  CP  may  be  due  to  a 
reduction  in  propionate  production  as  protein  was  substituted  for  starch  in  the  diets  fed. 
Increased  dietary  amino  acids  also  can  increase  the  rale  of  clearance  ofmelabolic  fuels 
from  the  blood,  increasing  hunger,  and  reducing  Oic  Intermeal  interval.  Another 
mechanism  that  could  be  involved  is  from  increased  RDP  effects  on  digestibility  of  feeds 
(Oldham.  1 984),  Presumably  there  is  a reduction  in  distension  as  fiber  and  DM 
digestibility  increase  (Allen.  2000).  However,  there  were  no  dirfcrences  in  DMI  found 
between  feeding  RDP  and  RUP. 
bSTand  Transition  Period 

Treatment  of  cows  with  bST  during  lactation  was  approved  for  use  in  US  during 
February  1994  by  the  Food  and  Drug  Administration  (FDA).  Since  then  it  has  been  used 
extensively  In  addition,  regulatory  agencies  in  34  countries  have  reached  similar 
conclusions  as  the  US  agency  with  respect  to  food  safely,  and  24  counutes  approved  use 
of  bST.  namely  Algerii  Brazil,  Bulgarin,  Columbia,  Costa  Rica,  Czech  Republic. 
Honduras,  Hungary.  Jamaica,  Kenya.  Korea,  Malaysia.  Mexico,  Namibia.  Pakistan.  Peru, 


Romania,  Russia.  Slovakia.  South  Africa.  Turkey.  United  Arabic  Emirates.  Ukraine  and 
Zimbaht^'c. 

Afler  over  ayearofuseofbST  in  Ihc  US,  bST  had  been  given  to  335,000  cows  in 
New  York  (43%  of  the  slate  total),  the  major  dairy  state  in  the  eastern  US.  USDA  data 
showed  that  during  the  first  10  mo  of  1 994.  fluid  milk  consumption  increased  by  1% 
compared  to  1993  (pre-bST):  milk  prices  rttceived  by  farmers  did  not  plummet  but 
increased  slightly.  Farmers  using  bST  generally  increased  their  productivity  and  far  from 
la^e  farmers  using  the  technique  exclusively  and  driving  small  farmem  out  of  business  as 
once  was  predicted  it  would.  Ihc  size  orheids  that  adopted  use  efbST  closely  resembled 
the  distribution  ofherd  sizes  found  in  the  US.  About  55%  of  all  sales  ofbST  have  been  lo 
farmers  with  1 00  or  fewer  cows  (Harinell.  1995).  In  January  I99S.  ofnearly  9 million 
dairy  cows  in  the  US.  about  25%  were  in  bST  treated  herds,  and  300  additional  dairy 
farmem  a month  were  reported  lo  be  adopting  uscofbST.  The  average  dairy  farmer  used 
the  commercial  bST  product  (POSIUAC®)  lo  supplement  more  than  50%  ofihe  herd  al 
any  one  lime,  depending  upon  individual  herd  management  practices  and  stage  of  the 
adoption. 

The  approved  lime  during  the  lactation  cycle  of  cows  lo  start  useofbST  Is  at 
about  peak  MY  f'.60e3  d)  and  its  use  continued  throughout  the  remainder  ofihe  lactation 
(ChalupaandGilligan,  1989).  Milk  yield  gradually  increased  over  the  first  few  days 

in  milk  production,  feed  imakedid  not  Increase  immediately  following  bST 


It.  Early  production  responses  there  fore,  were  due  mostly  to  partitioning  of 


nulrienls  away  from  body  li&suos  to  mammary  gtand  uac  to  support  increased  milk 
synthesis 

Although  incrcused  MY  responses  typically  are  found  when  cows  are  injected 
with  bST  beyond  60  d pustpamim.  no  such  increase  in  MY  was  observed  when 
exogenous  bST  was  injected  during  prepartum  and  early  postpartum  periods,  which 
irrcluded  the  so-colled  bansition  period.  Bines  and  Hart  (I9S2)  ^ecuioted  that  because  of 
delayed  increase  in  DMK  treatment  with  bST  during  the  transition  period  might  lead  to 
acule  animal  health  problems  such  as  ketosis,  fatty  Uvera,  wasting,  and  increased 
susceptibility  to  other  diseases,  or  it  could  result  in  lower  than  expected  MY  responses. 
Studies  by  Eppard  et  al.  (1996)  failed  to  Show  an  increase  in  MY  when  they  injected 
Holstein  and  Jersey  cows  dunng  the  prepanum  period  with  a full  standard  dose  ufbST 
(POSILACft).  Simpson  ct  al.  (1991)  administered  GRF  prepartum  to  beef  heifers  to 
increase  secretion  of  ST  before  partuntion  and  during  early  lactation.  Treated  heifers  lost 
more  BW  and  had  delayed  ovarian  activity,  whereas  no  difference  was  observed  in  MY. 
in  another  bial,  Holstein  cows  received  0, 5 or  14  mg  bST/d  during  the  last  46  d before 
parturition  (Simmons  etai.,  1994).  Cows  treated  with  14mgbST/d  had  increased  yields 
ofsolids-conrectcd  milk  (SCM)  only  during  wk  I.  However,  they  found  no  differences  in 
SCM  among  treatments.  Except  for  the  cows  treated  with  J mgfd  of  bST  during  wk  10  of 
lactation,  EB  was  negative  for  all  cows  during  the  fual  70  d of  lactation.  Bachman  ctal. 
(1992)  evaluated  whether  a dose  of  25  mg  bST/ d administered  prepartum  affected 
postpartum  MY  of  Holstein  cows.  After  covariance  adjustment  for  previous  total  lactation 
MY,  3.5%  FCM  yields  of  irealed  and  conuol  cows  did  not  difler.  They  concluded  lhal 
bST  IreaUnents  during  prepartum  period  did  nol  have  cither  a positive  or  negative  cffoci 


onMY  during  Ihe  following  lacution.  None  of  the  siudies  tfaal  used  bST  treaUnenls 


during  the  liansilion  period  have  reported  aeule  animal  health  problems  such  as  ketosis, 
fatly  livers,  wasting,  and  increased  susceptibility  to  diseases  in  the  treated  cows, 

Siciwagenetal.  (1991)  administered  20  or  40  ragbST  daily  to  Holstein  heifers 
during  the  last  trimester  of  first  pregnancy  They  found  a signifieant  increase  in  FCM 
produciion  of  the  heifers  injected  with  20  mg  bST/d  but  only  after  90  d of  lactation, 
Putnam  el  al,  (1999)  reported  a sign) ficani  effect  ofprepartum  bST  treatments  on  milk 
production  during  early  lactation  which  appeared  to  increase  os  lactation  progressed.  The 
exogenous  bST  injections  (jOOmg  over  14  d period)  were  inilinicd  28  d prior  to  expected 
calving  dale  and  were  continued  unlit  panurilion.  Cows  treated  with  bST  in  their  trial 
produced  3.2  kg/d  more  milk  than  uninjccied  conirols  during  the  first  42  d of  lactation. 
However,  cows  in  thebST  irealed  group  had  significantly  higher  initial  BCSthan  the 
controls  when  they  were  assigned  to  the  uial.  This  albwed  Irealed  cows  to  mobilise 
more  body  reserves  than  controls  and  lo  lose  more  BCS  without  a negative  elTeci  due  to 
bST.  This  is  a very  important  factor  because  bST  use  likely  increases  negalive  energy 
balance  and  grealer  loss  ofbody  weight  which  supports  the  greater  milk  produciion  unlil 
the  DMI  increases. 

As  reported  for  prcparlum  ircalmenls.  early  postpartum  injections  of  bST  also 
gavcinconsisicnl  results,  de  Boer  ei  al.  (1991)  injected  cows  with  20.6  mg  bST/d  starting 
4-9  d posipanum.  No  significant  differences  were  deieclcd  for  MY  ofconiioi  vs.  bST 
treated  cows.  Unfortunately,  die  cows  assigned  ID  bST  had  lower  MY  poienlial  based  on 
the  rale  and  cxieni  of  decline  in  MY  after  cessalion  of  bST  injection.  Thus.  bST 
injections  enhanced  MY  lo  levels  similar  lo  those  ofconlrols  (de  Boeretal.,  1991). 
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affeclcd  produclion  and  reproduction  of  high  producing  cowa.  they  injected  500  mg  of 
bSTeveiy  14dfrom  10  to  150  DIM.  MilkyielddiuinglhenrstOOddldnoldilTer 

and  peak  milk  production  increased  Tor  injecled  cows.  On  the  other  hand,  the  eftecl  of 

considerably  less  for  treated  cows  and  postpartum  conception  rate  was  alTected  adversely 
compared  lo  uninjecled  cows.  Santos  el  al.  (1090)  compared  eOecls  of  bST  on  the 
perfomiance  of  early  lacialioncows  feddiels  difTefing  in  ruminally  degradable  slarch. 
Holstein  cows  received  biweekly  injections  of  500  mg  bST  for  90  d starling  at  5 DIM.  A 
positive  MY  response  was  observed  during  the  first  45  d and  for  the  total  Ircaimcm 
period  (90  d).  Interestingly.  MY  response  to  bST  was  Itrss  Irom  7 liul3  wk  than  from  I to 
6wk.  Neilher  EB  nor  BCS  were  determined  in  this  study.  Aulhorsconcluded  that  the 

peak  MY.  In  another  study,  thesame  doscofbST  was  injected  every  14  d from  lOlo  150 
DIM  (Moallem  cl  al..  2000).  They  concluded  Ihat  bST  injected  early  in  laclalton 
increased  MY  but  at  the  expense  of  an  extensive  period  of  NEB  and  BW  and  BCS 

Richard  el  a).  (I9SS)  reported  a 654  increase  in  MY  when  cows  were  injected  with 
50  lU  of  bST  starting  20  d postpartum;  milk  fal  also  was  elevaled  by  2554.  In  the  same 
trial,  when  cows  were  injected  beginning  0 d.  MY  response  was  greater  (1 254)  with  no 
change  in  milk  far.  Chalupael  aJ.  (1985)  irealed  cows  with  50  lU  bST  slaning  at  4 wk  of 
lactation  using  cows  fed  a diet  that  contained  0 or  1.2  54  sodium  bicarbonate.  They 


reported  that  bST  Irealmcnl  increased  MY  by  4,7  kg  over  conlrol  cows  and  rherc  also  was 
B 1 .05  poini  increase  in  milk  fal  percenioge.  Feed  iniake  of  injected  cows  tended  to 
increase  (17.6  kg  vs.  16.1.  P<0.l  I).  In  one  ofthela^l  trials.  SlanlHCwski  el  al.(I99l| 
injected  5 mg  or  14  mgbST7d  Ihpm  14  d posiparlum  ihrough  60  DIM.  Cows  dial 
received  either  5 or  14  mgofbST/d  produced  more  FCM  than  controls,  but  FCM  of  the 
two  bST  treated  groups  did  not  difTer.  However,  cows  receiving  the  tower  dose(S  mg/d| 
had  higher  pregnancy  rate  and  higher  conception  rale  than  all  oihcr  experimental  cows. 
Cows  leceiving  S mgbST/d  also  maintained  BCS  as  well  as  uninjected  controls. 

Variable  results  within  and  among  trials  that  evaluated  use  ofbST  cither  pre-or 
posiparlum  period  may  have  been  due.  in  pari,  to  dilTerences  among  the  doses,  diets  the 
animals  were  fed,  or  due  to  dilTercnccs  in  BW  and  BCS  of  animals.  Usually,  a high  dose 
ofbST  increased  Ihe  length  of  time  cows  were  In  NEB;  loss  of  BW  and  BCS  occurred 
even  though  an  increa.se  in  DMI  might  have  occurred.  Thua,  adequate  BCS  (3.3  - 3.73, 
Nocek  et  al.  1 9S3)  for  cows  injected  with  bST  pre-  and/or  postpartum  is  required  because 
the  cows  require  good  managemeni  and  adequate  nulriijon  to  produce  and  reproduce  well. 

Treatmeni  with  bST  during  both  prepanum  and  posiparlura  periods  likely  caused 
metabolic  changes  after  panurilion  that  were  beneficial  to  health  and  performance  ofihe 
cowsfGulayet  al.,  2000).  in  (heir  study,  pre-  and  pcstparrum  injections  of  13.3  mgbST/d 
increased  DMI  of  cows  oAer  panurilion.  and  there  was  less  decrease  in  BCS  and  BW. 

This  sllowed  the  cows  10  recover  losaiisfaclory  BW  and  BCS  more  rapidly  during  early 
laclaiion.  Cows  also  produced  numerically  grcalcr  daily  MY  and  3.5%  FCM.  In  addilion, 
Garcia  ei  ul,  (2000)  reported  that  injections  of  5.1  mg  ofbST/d  before  and  afler 


panuriUon  increaacd  DMI.  MY  and  efiiciency  of  milk  produclion  during  the  early 


lectiiijon  period  (60d>. 

It  also  is  likely  Uiat  ireelmeni  wilh  bST  during  both  prcpanum  and  poslpanum 
periods  coused  metabolic  changes  aAer  parmrilion  lhai  were  beneficial  to  cows  during  the 
lactaling  phase.  Evidence  suggests  that  changes  in  circulating  concentintiona  of 
hormones,  growth  factor  and  glucose  were  benellcial.  Cows  injected  with  10.2  or  15.0  mg 
bST/d  before  and  after  parturition  ^owed  increased  concentrations  of  ST.  IGF-f  and  T, 
in  plasma  (Gulayeial..  2000).  Thus,  the  changes  in  conecntialions  of  metabolic 
hormones  likely  had  a role  in  the  positive  elTects  on  DMI,  BCS,  BW  and  MY  of  these 


Milk  fever  is  a common  metabolic  disorder  in  dairy  cattle  that  generally  afTecta 
older,  higher  producing  cows.  The  majority  of  milk  fever  cases  occur  within  4S  to  72  hr 
after  calving,  although  some  may  occur  later  in  lactation.  It  was  estimated  that  5 to  10% 
of  cows  are  affected  by  this  disease  with  some  herds  having  a prevalence  as  high  as  60% 
(Eppord  et  oJ.,  1996).  On  Ihe  other  hand,  the  incidence  rate  of  milk  fever  among  lacialing 
Friesian.lypc  cows  is  less  Utan  7%  (Erb  ond  Crohn.  1988).  The  onset  of  milk  produclion 
decreases  the  cow's  blood  Ca  levels  and  she  is  unable  to  rapidly  or  completely  replace 
ihisCa.  The  body  has  reduced  capacity  to  mobilize  reserves  ofCa  in  bone  and  therefore 
is  dependent  upon  the  ability  to  absorb  Ca  from  the  gastrointestinal  tract.  As  a result, 
hypocalcemia  occurs  and  decreases  the  cow's  muscle  comraclions  and  rumen  motility 
{Goffetal.,  1997). 


The  key  lo  prevenlion  of  milk  fever  is  inMagcmeiU  of  Uie  close-up  dty  cow  group. 
Recommendalioris  for  the  prevcniioo  of  milk  fever  traditionally  have  included  the  proper 
feeding  ofCa  and  P.  e^eclally  during  the  late  lactation  and  dry  periods.  More  lecentjy, 
however,  dietary  acidity  and  alkalinity  have  been  associoicd  with  controlling  the 
incidence  of  milk  fever.  Increasing  dietary  K from  I.1S%  lo  2.IK  bereased  the  incidence 
of  milk  fever  from  10.5  lo  50%  b Jersey  cows.  Polasstum  concentration  in  forage  plays 
an  imporlanl  role  in  incidence  of  milk  fever  (Coff  cl  al.,  1997).  Addition  of  strong  cations 
to  prepurlum  diets  causes  a metaholic  alkalosis  and  this  suggests  that  bone  resorption  of 
Ca  is  inhibited  in  cows  fed  high  K or  Na  diets  because  feeding  these  diets  results  in 
increased  blood  and  urine  pH  (Goff  cl  al..  1997;  Horst  cl  ol..  1984).  Mild  metabolic 
acidosis  caused  by  feeding  anionic  diets  increases  the  absorption  of  Ca  from  the  inlcsrinai 
tract  (Goff  el  al..  1997). 

Research  into  the  dietary  cacion-anion  difference  (DC  AO)  of  pre-calving  dairy 
raliona  has  been  extensive  during  recent  years.  A major  conclusion  hnsbeen  that 
acidifying  the  diet  can  allow  feeding  of  high  Ca  diets  without  causing  hypocalcacmia 
(Bccdecial..  1991).  Calculation  of  Ihe  DC  AD  is  based  on  the  levels  of  cations  (K’  and 
Nt  )and  anions  (Cl  and  S' ) in  the  diet  DM  (Horst  el  al..  1984).  The  most  commonly 
used  formula  lo  cajculale  DCAD  is  the  sum  of  the  positively-charged  ions  (K'  and  Na*) 
minus  Ihe  sum  ofthe  negaiivcly-chnrged  Ions  (Cl  and  S' ) b the  diet,  as  shown  in  the 
following  formula: 

mEa(K--rNa*).fCI  -S'l 
lUOgmDM 
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Positive  DCAD  diets  can  have  a systemic  alhalinizing  efTecl  on  the  animal.  High 
levels  of  K and  Ma  in  the  ration  cause  the  blood  to  be  slightly  alkaline  and  this  reduces 
the  erfeclivencss  of  parathyroid  hormone  (PTH).  Diels  with  a negative  DCAD,  on  the 
other  hand,  are  acidogenic.  Acidogenic  diets  fed  lo  dry  cows  have  signillcanily  decreased 
the  incidence  of  milk  fever  (Block,  I9&4;  Horst  el  al„  I9&4),  For  dry  cows,  lowering  the 
DCAD  level  lo  '10  to  -IS  mEq/lOO  g DM  results  in  an  inHow  ofnegalivclyehargcd  ions 
(chloride  and  sulfale).  Initially  the  cow  attempts  lo  maintain  electrical  neutrality  at  the 
expense  of  acid-base  balance.  Hydrogen  ions  are  generated  to  neutralise  these  negabve 
ions,  resulting  in  a mild  metabolic  acidosis.  With  chronic  subclinical  metabolic  acidosis, 
bone  Is  mobilized  because  il  is  a reserve  ibr  carbonate  ion.  which  serves  to  bunbr  the  pH, 
In  the  process  of  releasing  COj,  Ca  (and  P)  are  mobilized  from  the  bone  and  alsoCa 
absorption  from  Ihc  Cff  is  enhanced.  Chronic  subclinical  melabolic  acidosis  also 
increases  urinary  excretion  ofCa,  and  as  a result  Ca  retention  decreases,  which  causes 
formation  of  l,2S(OH)jD]  and  release  of  PTH  to  further  stimulate  bone  mobilization.  The 
mechanisms  used  to  increase  blood  Ca  are  therefore  in  an  activated  state  at  lime  of 
calving,  and  the  end  result  is  a higher  level  ofCa  in  blood  (Caynoret  aU  1989).  Beedeel 
al.  (1991)  recommended  that  cows  should  not  be  on  the  anionic  diet  for  more  than  4 wk 
before  calving  and  Ihe  DCAD  should  be  relumed  loihcnaimal  positive  poslpamim  levels 
after  calving. 

With  vanallons  in  forage  and  concentrate  iniakea.  urine  pH  monitoring  has 
become  an  essential  tool  to  determine  ifthe  laboratory  analyses  and  calculated  DCAD  of 
the  ration,  in  fact,  is  correct.  Alkaline  diets  produce  urine  pH  of  8. 0-8.5.  whereas  acidic 
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ralions  causcihis  to  fall  to  6.0  or  even  less.  Ifthc  pH  falls  loS.S  and  below,  there  is  the 
danger  ofmelabclic  acidosis  (GolT,  1090). 

In  order  In  formulate  a diet  with  -10  to  -15  mEq/lOO  g DM,  it  is  essemiai  to 
analyze  all  feeds  for  macromineral  content  (Ca.  P.  Mg,  Na,  K,  Cl.  and  S).  Feed 
ingiediems  wilha  low  DCAD.  especially  forages,  should  be  selected.  Ifihe  basal  DCAD 
is  greater  than  a'20  mEq/lOO  g DM.  la^e  amounts  of  anionic  sails  must  be  incoiporated 
into  diet  and  this  can  result  in  reduced  feed  intake  problems  because  the  ration  is  less 
palatable  (Horst  elal..  1994).  Adding  appropriate  anionic  salts  (magnesium  sulfate, 
ammonium  chloride,  ammonium  sulfate,  calcium  chloride,  calcium  sulfate)  is  very 
impoitant  (Moore  el  a),.  2000).  Magnesium  sulfate  is  recommended  as  the  first  addition 
because  it  appears  to  be  the  most  palatable,  and  because  it  can  be  used  to  meet  the  cow’s 
requirement  for  magnesium.  Doses  between  approximately  1,900-5,400  m£q  should  be 
added  from  salts,  because  there  is  a risk  of  acute  acidosis  when  doses  exceeds  5,500  mEq 
(Block.  1934).  Finally,  chloride  sources  (ammonium,  calcium,  or  magnesium  chloride) 
can  be  added  to  bring  the  DCAD  to -10  to -15  mEq/lOO  g DM.  Foimulaiion  for 
phosphorus  intake  should  be  considered  and  done  carefully  and  also  should  ensure  that 
requirements  for  other  nutrient  are  met  (energy,  protein,  vitamins,  and  minerals)  (Oelzd, 
1993). 


The  surface  of  the  rumen  mucosa  is  characterized  by  ruminal  papillae  which  can 
bedefinedasorgans  of  absorption  (Von  Soesu  1932).  Their  distribution,  size  and  number 
are  closely  related  to  feeding  habits,  forage  availability  and  digestibility.  The  typical 
features  of  rumen  papillae  are  genetically  fixed  but  may  vaty  considerably  under  different 
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feeding  conditions.  This  can  result  in  acute  and  usually  temporary  or  scosonol  adaptations 
(Von  Soest,  I9g2|.  For  example,  increasing  proportions  ofbutyric  and  propionic  acids 
mcreases  tiic  ruminal  blood  flow  which  stimulates  mitosis  in  the  mucosa  resulting  in 
vascular  budding  and  epithelial  cell  proliferation.  Thus,  there  arc  differences  in  number 
and  size  of  papillae  within  the  rumen.  Lower  energy  diets  fed  during  Ihe  early  diy  period 
may  reduce  the  absorptive  area  of  rumen  as  much  os  30%  during  the  first  7 wk  of  the  dry 
period.  Changes  in  the  numbers  of  ruminal  papillae  occur  in  response  to  nutritional 
changes.  Complete  adaptation  ofniminal  papillae  requires  a period  of  2 to  3 wk  (Dirksen 
cial-.  1985;  Goff  and  Herat,  1997). 

Microorganisms  in  Ihe  rumen  depend  upon  the  animal  to  provide  the 
physiological  conditions  necessary  for  their  existence.  In  turn,  these  microorganisms  are 
essenlial  for  digestion  and  fennemation  of  targe  amounts  of  fibrous  feeds  which  the 
ruminant  consumes,  but  otherwise  cannot  utilize  efHcieiUly.  Thus,  by  providing  a suitable 
and  consistent  environment  for  these  microorganisms,  Ihe  ruminant  is  able  to  ublizc  the 
end-producis  of  fermentation  to  meet  it's  own  nutritional  needs.  Comparison  of  rumen 
microorganisms  shows  that  there  is  a high  level  of  variation.  The  large  diversity  in  the 
types  of  microbes  found  in  the  rumen  reflects,  to  some  exieni,  Ihe  diet  the  animal 
consumes  (Van  SoesL  1982).  Growth  of  microorganisms  and  efficient  feimBnlaiiorof 
feed  by  microorganisms  dcpertds  upon  a constunl  and  suitable  environment.  Changes  in 
feed  and  feed  compoaition,  a.s  well  as  nimoi  pH.  nol  only  cause  a shill  in  microorganisms 
in  Ihe  rumen  but  also  a decrease  in  Ihe  efficiency  of  the  fermentation  and  absorption  of 
end-products  of  the  ferroeniaiion. 


Changing  ihe  diet  of  the  animal  provokes  a perind  of  transition  in  the  romcn 
microbial  population.  The  proportions  of  the  different  species  in  the  rumen  will  shill  to  a 
new  balance,  one  which  best  accommodates  the  dietary  change  and  is  teferred  to  as 
adaptation  of  microbial  population.  For  example,  ingestion  of  a less  energy  dense  ration 
upon  drying  off  causes  a shift  in  microbial  population  and  the  pt^ulation  of  bacteria  that 
are  capable  of  converting  laclate  to  acetate,  propionate,  or  long*chain  fatty  acids  declines. 
Adaplalion  of  the  leclale  converting  bacterial  population  is  slow  and  may  lake  acvemi 
weeks  lo  occur  (Yokoyama  and  Johnson.  1 988}. 

The  current  standard  dry  period  of60  d essentially  requires  dairy  managers  lo  feed 
dry  animnls  in  difTereni  phaacst  most  recently  termed  as  farKtlTdry  period  (FODaT  wk 
proparlum)  and  cIosc*up  dry  period  fCLlDsT  wk  prcpartuml.  During  these  perioda.  diets 
fed  to  animals  will  vary  because  of  metabolic  differences  of  cows  during  these  short  lime 
periods.  The  changes  in  dieu  fed  as  cows  progress  from  the  lactation  diet  to  FOD.  Ironi 
FOD  to  CUD.  and  CUD  to  early  lactation  diet  forces  Ihe  rumen  and  its  microbes  to  adopt 
three  times  during  a relatively  short  time  period  when  these  changes  In  feed  inloke  are 
occurring.  It  is  likely  lhal  these  changes  may,  in  part,  be  a mason  for  reduced  DMI  and 
will  lead  to  Anther  decrease  in  the  DMI  that  occuis  during  the  later  CUD  period 
especially  during  Ihe  lime  close  to  parturition.  This  also  may  IIriIi  Ihe  increase  in  feed 
inlakc  lhal  should  occur  shortly  aAerparturllion.  Early  lactation  is  the  lime  period  when 
more  rapid  increase  feed  inlake  and  more  efficient  fermentation  /utilization  ofingcated 
feed  are  desired  (Dracklcy,  1999).  If  the  length  ofdiy  period  can  be  decreased  lO'30  d. 
then  it  may  be  passible  lo  develop  abetter  feeding  program  so  cows  can  be  fed  a diet 
formulated  using  the  some  constituents  as  in  [he  lactation  diet.  This  would  require  making 


fewer  changes  in  Ihe  diets  that  ore  fed  and  could  odveinely  afTecl  papillae  development 


and  prevent  complete  adaptation  of  the  microbial  population  of  the  rtimen  near  to  calving 
(Grummer,  1995).  This  will  encourage  mnintenanceofthedesired  rumen  population. 


that  cows  will  increase  feed  intake  faster,  have  better  emciency  of  fermentution  and 
absorption  of  end  products  of  fermentation,  and  belter  resistance  to  metabolic  disorders 
during  early  laclarion. 

The  major  objectives  of  this  research  were  to  evaluale  dry  period  length,  the  types 
ofprepanum  transition  diets  (aiuonic  or  cationic),  and  supplemental  injections  ofbST 
during  Ihe  transition  pehod  to  impiove  DMI.  BCS.  milk  production  and  cow  health 
during  lactation. 


Eighty  seven  multiparous  Holstein  cows  were  ulili/od  in  this  experiment.  Cows 
were  selected  randomly  from  the  Dairy  Research  Unit  (DRU)  herd  of  Ihe  University  of 
Florida  approximately  8-9  wk  before  expected  calving  dates.  Cows  were  assigned  to  one 
of  two  treatment  groups;  60  or  30  d dry  period  length.  Cows  with  longer  dry  periods 
were  dried  o^ond  moved  to  the  dry  herd  of  Ihe  DRU  and  fcxl  the  herd  FOD  diet,  whereas 
cowswiih  shorter  diy  period  remained  in  the  milking  herd.  Appraiimaicly~30d  before 
expected  calving  day.  cows  in  the  shorter  dry  period  groups  were  dried  off.  Cows  in  both 
groups  were  housed  and  managed  in  a ftoe-sUII  bom  and  trained  to  use  electronic  feed 
gales  (Amerrcan  Calan,  Inc.,  Norihwood.  NH).  They  were  assigned  to  the  individual 
gales  randomly,  fed  calinnic  diel  jTable  3-1)  then  trained  to  use  gales  for  one  week  before 


, and  greater  pcriparlum  metabolism  of  Co.  Thus,  it  is  possible 


Materials  and  Methods 


I diet  (Table  3-1). 


assigned  to  either  an  anionic  CUD  diet  at  remained  on  the  cationic  CUD 
Cows  assigned  to  trial  eomplcicd  the  citpcrimcnt  and  were  removed  ftotn  trial  over  a 300 
d period  from  September  2000  through  June.  2001.  The  body  wei^t  (BW)  and  BCS  of 
the  cows  at  the  time  they  were  assigned  ranged  from  575  to  870  kg  and  3.00  to  4.75. 
re^teclively.  When  cows  were  assigned  to  treatments,  no  differences  were  detected 
among  Ireatinem  groups  for  mean  BW  (-650  kg)  and  BCS  (-3.25). 

Esncrimenml  Desien 

Cows  were  assigned  randomly  to  a 3 x2x2  factorial  afrangement  oflreaunems. 
Treatment  group  I (27  cows)  was  a 60  d dry  control  group  that  received  no  estradiol 
c)pionalc  treatment  (ECP;  Pharmacia  & Upjohn,  Kalamazoo.  MI),  cows  in  groups  11  (28 
cowsX  and  III  (29  cows)  had  30  d dry  period  and  received  IM  injections  of  ECP  or  cotton 
seed  oil  (no  ECP).  respectively  at  the  lime  they  were  dried  off.  Each  of  these  three 

bST  (0.4  ml  bST;  POSILAC«)/  biweekly)  and  the  other  half  not  injected.  This  quantity 
ofPOSILAC®  provided  approximately  10.2  mgbST/d.  and  injections  were  continued  up 
to  60  d postpartum.  After  60  d.  all  cows  on  experiment  received  Ihe  full  dose  of 
POSILAC<£^  (500  mg)  biweekly.  One  half  of  each  of  the  Ihree  main  groups  were  fed 
eilher  anionic  or  cationic  diet  during  last  3 wk  prepanum  Urine  pH  of  the  cows  was 
measured  routinely  (3xwk)  during  the  prepartum  period.  One  cow  from  60  d dry  period 
bST  injected  and  fed  cationic  diet  prepartum.  one  cow 
injected  and  fed  anionic  diet  prepartum.  and  one  cow 
and  fed  anionic  diet  prepartum  were  removed  from  lhi 


w from  30  d dty  no  ECP.  no  bST 
■ from  30  d dry  ECP  injected,  no  bST 
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CUD  Fed  to  Holstein  Cows 


AnkwIcCUD  CitlooIcCUD 


Com  Silage 
AlfsIOiHay 
Com  Grains 
Cottonseed  Hulls 

Cottonseed  with  Lint 


Calculated  DC  AD ' 


ihcreaAer  injections  were  at  2 wk  intervals.  Last  injection  was  at  42  to  44  d.  All  bST 
injections  were  subcutaneous  in  the  posi'scapular  region  or  on  either  side  of  the 
ischiorectal  fossa.  Injections  were  administered  afler  blood  collection,  but  were  prior  to 
a.m.  feeding  or  milking.  All  cows  received  a hill  dose  ofbST  beginning  56  to  60  d 
postpartum  and  injections  then  were  continued  biweekly  dunng  the  remainder  of  their 
lactation,  uccording  to  DRU  herd  practice. 

ECP  tniections 

All  30  d dry  cows  received  a single  injection  of  eilher  7.5  tnLECP(2  mg 
ECPAnLin  cotton  seed  oil;  15  mg  ECP;  Pharmacia  & Upjohn,  Kalamazoo,  Ml)  or  cotton 
seed  oil  (CSO).  The  ECP  and  CSO  were  injected  IMat  the  time  they  were  dried  off. 
Drying  off  Procedure 

Cows  in  both  3(1  d and  60  d dry  groups  were  completely  milked  out  at  the  last 
milking  prior  to  drying  off.  A syringe  containing  Quanermaster®  (penicillin  and 
dihydrosireptomycin;  Pharmacia  & Upjohn,  Kalamazoo,  MI)  was  warmed  and  the  plastic 
end  of  syringe  inserted  into  teat  canal  and  entire  contenls  were  slowly  infused.  The  same 
procedure  was  applied  to  each  quarter.  The  syringe  was  discarded  after  use.  Teats  then 
were  dipped  into  Stronghold®  (West  Agro.  Inc..  Kansas  City,  MO)  teat  sealant  to  protect 
against  sny  acute  bacterial  entry  into  the  quartets  via  the  leal  canal. 


Cows  were  housed  and  managed  in  an  open-sided  free-slall  barn  equipped  with 
Calan  electronic  feeding  gates  (American  Calan  Inc.,  Nonwood,  NH)  beginning 
approxtmaidy  4 week  before  expected  calving  day.  Cows  were  assigned  to  the  individual 
gales  randomly,  then  each  cow  was  fitted  with  a transponder  key  for  her  specific  gate. 
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Tnm^ndcFs  were  placed  around  Ihe  neck  of  cows  so  each  could  open  (he  assigned  gale 
and  they  were  (rained  (o  use  (heir  gales  for  one  wk  before  feed  iniakc  measurements  were 
recorded.  The  bam,  including  feeding  area,  was  covered  with  a melal  roof  for  protection 
from  rain  and  sun.  Baras  wore  equipped  with  fans  and  sprinklers  which  helped  cool  cows 
when  ambiem  temperatures  increased  above  25  “C.  Before  calving,  all  cows  had 
to  a dirt  loafing  lot  where  they  could  calve.  Clean  fresh  water  was  provided  in  water 
troughs  for  dd  lihituifi  consumption.  Ader  calving,  cows  were  moved  to  an  adjacent  free- 
stall  bam  also  equipped  Calan  gates,  fans  and  sptlnklcis.  They  remained  in  this  bam  for 
28  d alter  which  they  were  moved  to  the  DRU  milking  herd  and  fed  the  same  lactation 
TMR  tree  choice  but  intake  was  not  measured. 

During  the  time  cows  were  in  the  frec-slall  bams,  they  were  fed  once  daily  (1 0;00- 
12:00  b)and  feed  adjualmcnts  were  made  dally.  Cows  were  fed  tn//i6truffi  to  allow  5- 
10%  daily  feed  refusal.  During  Ihe  firai  week  ofthe  trial,  when  they  were  being  trained  to 
use  Calan  gates,  they  were  fed  a cationic  CUD  diet  (•u-20  mEq/lOOg  DM)  ration  which 
was  formulated  for  the  average  wei^l  ofthe  cows.  Starling  3 wk  before  eipecied  calving 
date,  cows  were  switched  to  the  anionic  CUD  (-10 to -IS  mEq/IOOg  DMjorlhcy 
remained  on  the  same  cationic  CUD  (Table  3-1). 

Becauae  feed  was  offered  only  onetime  each  day,  it  was  pushed  back  into  the 
Calan  gale  feed  area  several  limes  daily  lo  ensure  that  they  had  access  lo  all  their  feed. 
After  panurition,  all  cows  were  fed  a total  raised  ration  |TMR)  based  on  corn  silage, 
whole  cotton  seeds  (WCS).  and  grain  concentrate.  This  met  Ihe  requirements  of  high- 
producing  lactaiingcows  (Table  3-2)  (NRC  1988,1989). 


Body  Condilion  Scores  Mid  Body  WeighLs 


Body  condition  scores  (1-S,  Uiinto  fat;  Edmonson  et  al.,  1989)  and  BW  of  cows 
were  recorded  during  the  esperimenl.  Each  cow  was  weighed  and  BCS  was  estimated  at 
60  and  30  d before  especting  calving  and  weekly  on  the  same  day  each  week  (Saturday) 
before  a.m.  feeding  or  milking  (8:00  to  1 2:00  h)  through  28  d postpartum.  Thereafter. 
BCS  and  BW  were  estimated  biweekly  until  they  completed  the  expetiment  (~  100  d 
postpartum). 

Blood  Collection.  Handlina  and  Storage 

Blood  samples  were  collected  fmm  the  tail  vein  of  all  cows  three  times  weekly 
before  the  a.m.  feeding  ormilking(07:30-10:00  h).  Cows  were  bled  in  the  free-stall  bam 
fiomthctail  vein  after  elevating  the  tail  without  any  other  restraint.  For  serum  collection 
VaculamenS  brand  needles  (2  otn.  20  gauge)  and  lubes  containing  no  anticoagulant 
were  used  ( 10  X 100  mm  blood  collection  tubes,  Becion-Dickinson.  Fairlawn,  NJ). 

Serum  samples  were  allowed  to  dotal  room  lempcraiute  fbr~l  h after  eollecllon,  then 
placed  on  ice  and  processed  within  2 h.  The  order  In  which  cows  were  sampled  on  a 
given  day  was  random  and  differed  among  days.  After  sampling,  cows  were  milked  and 
then  returned  to  the  lree.5lall  bom. 

All  blood  samples  laken  lo  harvest  scrum  were  centrifuged  at  3000  RPMatS'C 
for  30  rain  in  RC-3B  refrigerated  eenlrtfugc  (O.plaec  swinging  basket,  H.600A  rotor. 
Sorvall  Instrumcnis)  lo  separate  the  scrum  from  the  clot.  Scrum  from  each  sample  was 
aliquoled  into  2 labeled  5 mL  (75x1 2 mm)  polystyrene  lubes,  capped,  and  frozen  al  • 

20'C  until  analyzed.  The  serum  samples  were  used  only  forthe  analysis  ofCa. 
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Table  3-2.  Dty  Mailer  Concentralions  and  Chemical  Composition  ofTMR 
rviih  Whole  Cottonseeds  (Lactation  Diet)  Fed  to  Holstein  Cows  During 
Experiment.' 

IpgredienU 


Com  Silage 
Alfalfa  Hay 
Cottonseed  Hulls 
Citrus  Pulp 
Hominy 

Distillers  Grains 
Soybean  Meal 
Whole  Cottonseed 
Mineral  Mix 
Chemical  Compositioo 
DM 
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Deternimaijon  uf  Calcium  in  Serum  Samples 

Calcium  aiandard  solution  (1000  ppm,  Fisher  scientilic)  was  diluted  10-fold  in  a 
volumetric  flask  to  prepare  100  ppm  Ca  slock  solution.  From  the  stock  Ca,  5 and  13  ppm 
standards  were  prepared  (Table  3-3).  To  prepare  33i  Lanthanum  (Lo).  117.3  g Lanihanum 
Oxide  (La,Oj)  wts  added  lo  a 2 liter  pyres  beaker  and  dissolved  in  500  mL  concentrated 
HCl  in  a fume  hood.  AAer  the  solution  released  0>  and  Clj  and  all  La  was  in  solution,  it 
was  transferred  10  a 2 L volumetric  flask  and  brought  to  2 L with  deionized  water  lo 
prepare  a 5%  La  solution.  To  prepare  a 50%  TCA  solution  500  g of  trichloracetic 


Table  3-3.  Standards  for  calcium  determination  flame  Atomic  Absorption  Spccirophoton 
Standard,  ppm 

Ingredient 0 5 15 

lOOppmCastock.raL  0 5 15 

50%TCA,mL  Ig  18  |g 

5%  La,  mL IS 18  |8 

TCA=TrichlorDceIic  acid,  La=Lanthanum 


acid(TCA)  was  dissolved  in  deionized  water  in  a I L voluntelric  llask.  Then,  200  mL  5% 
La  and  200  mL  50%  TCA  were  transferred  to  a 1 L volumetric  flask  and  600  mL 
deionized  water  were  odded  to  give  a 1%  La- I0%TCA  solution. 

Five  hundred  pL  of  serum  samples  were  pipcllcd  into  plastic  tubes  (Sarsiedl  Inc. 
Newton,  NJ).  To  precipitate  proteins,  4.5  mL  of  Ihe  1%  La-10%  TCA  solution  was  added 
to  each  sample.  Tubes  wereuonexod  for  20  see  and  then  centrifuged  at  3000  RPM  for  20 


min  ol  4'C  (RC-3B  H.6C0A  reilor,  retngemicd  centrifuge,  Sorvall  Inslnimcnls).  About  4 
mL  offtllnile  were  trafinrerred  into  plastic  tubes  (Sursiedl  Inc.  Newicm.  NJ)  and  samples 
were  analyzed  for  concentrations  of  Ca  using  a Flame  Atomic  Absorption 
Spectrophotometer  (Pcricin-Elmcr  Model  5000;  Miles  ct  al..  2001). 

Statistical  Analyses 

fmal  *21  d preportum  for  DMI.  The  second  set  of  analyses  included  data  collected  during 
Ihe  first  28  d pusipanum  for  DMI  and  during  14  wk  postpartum  for  BW  and  BCS.  Dala 
were  analyzed  as  a neared  design  by  least  squares  analysis  of  variance  procedures  of  SAS 
(1991).  Proc  Mixed  procedure  ofSAS  was  used  to  estimate  individual  dally  and/or 
weekly  least  squares  means  for  specific  variables  and  treatments  (LiticI  et  al.,2000). 
Statistical  analyses  were  performed  for  BW,  BCS  and  DMI.  Time  periods  considered  for 
daia  analyses  were  the  overall  prepartum  period  (*3  lo  0 wk).  days  arai  weeks  within  this 
period,  overall  poslpanumperiod(l  to  !4wk)  for  BW  and  BCS.  and  the  lime  period  0-28 
d poslpanum  for  DMI.  In  addition,  gross  coirelalions  were  estimated 

Models  included  the  main  elTeci  ofbST  Ireatmeni  (bST),  effect  of  dry  period 
length  (DRY),  effect  ofpr^anum  diet  (DIET),  season  (SEA;  1-eows  with  dry  periods 

during  hoi  months  ISeplember,  October,  March,  April,  and  May).  U-cows  with  dry 
periods  during  cool  months  (November.  December.  January,  and  Febaroary)). 
inleraclions  among  thetreabnems  and  SEA,  cow(bST'DRY*DIET*SEA).  and  weeks  or 
days  to  Ihe  highest  order  significant  for  overall  prepartum  and  posipartu 


um  periods. 


s.  The  <Ula  oblained 


during  these  periods  Included  BW.  BCS  and  DMI.  The  Hrsi  set  included  dsla  collected 
during  the  final  8 wk  pcepttnuin  for  BW  and  BCS.  and  during  the  final  -21  d pieparium 
for  DMI.  The  second  set  of  analyses  included  data  collected  dunng  the  first  28  d 

Chanacs  in  Body  Weiaht  and  Body  Condition  Scores 

period  (wk  -8  to  wk  - 1 ) are  in  Table  3-4.  No  signincant  effects  of  bST.  DRY,  SEA  or 
DIET  were  detected:  however  the  Intcraclion  DIET’SEA  was  signiRcant  for  BW 
(P<0.0369)and  BCS  (P<0.0588J  and  the  interaction  SEA -DRY  was  significant  for  BCS 
(P<0.0330)  hut  not  for  BW.  There  was  asignificani  quadratic  effect  ofWK  detected  for 
both  BW  (P<0.0006)  and  BCS  (P<0.0459). 

During  the  period  From  -8  wk  prepartum  to  day  of  calving  no  differences  were 
detected  areotig  the  treatment  groups  for  mean  BW  or  BCS.  Least  squares  means  for  BW 
and  BCS  during  the  prepartum  period  arc  in  Table  3-5.  The  mean  prepartum  BW  of  cows 
inbST  injected  and  untreated  cows  were  688  and  682  kg,  respectively.  Both  groups  of 
cows  gained  BW  from  -8  wk  to  parturition  to  -1  wk  (Figure  3-1).  At  -8  wk,  the  control 
group  cows  weighed  only  4 kg  more  than  cows  injected  with  bST.  During  the  final  week 
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Figure  3-1.  Body  weights  of  Holstein 
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Figure  3*2.  Body  condilion  scores  of  Holstein  cows  during  Uie  preparrum 
end  postpartum  periods.  Arrow  indicates  calving 
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were  observed  in  mean  BCS  of  untreated  and  bST  treated  cows  at  -8  wk  (3 .28  Tor  both 
groups).  The  BCS  ofboih  ^ups  incrca.scd  during  prepanum  period  and  highest  BCS 
was  one  week  before  calving  (control=3.S0  vs.  treated=3.5S). 

The  mean  8W  of  cows  in  60  d dry  period  group  was  significantly  greater  (678  kg) 
when  these  cows  were  dried  olT at  - 8 wk  than  those  of  cows  in  30  d dry  (636  kg)  and  30 
ddry  + ECP  (638  kg)  groups  of  cows  (Figure  3-1;  Table  3-5).  However,  at  the  time  of  30 
d drying  olT difference  was  less  and  not  significant  (694  kg  vs  567  and  672  kg. 
re^sectivcly).  Cows  in  all  troorment  groups  continued  to  gain  BW  during  weeks  following 
dryolTandal  1 wk  before  calving  increases  were  934, 11%.  and  1 0%  for  cows  in  60  d 
dry,  30ddry  arrd  30d  dry+  ECP  groups,  respectively  (Table  3-5).  In  contrast  to  BW,  the 
mean  BCS  for  groups  of  cows  did  not  dilTcrat-8wk  (Table  3-5).  The  mean  BCS  of  cows 
in  30  d diy  +ECP  group  was  numerically  greater  (3.3 1 1 than  those  in  30  d dry  (3.27)  and 
50ddty  cows  (3.26).  Mean  BCS  increased  0.06, 0-10  and  0.08  poinB  for  cows  in  50  d 
dry.  30  d dry  and  30d  dry +ECP  ctrws  at  wk-5  and  eonlinucd  to  increase  during  the 
prepanum  period  (Figure  3-2).  The  increases  in  mean  BCS  during  ihe  last  30  d of  the  dry 
period  for  cows  in  30  d dry,  30  d dry +ECP  and  60  d dry  cows  were  0.22,0.15  and  0.13 
points,  rc^cciively. 

No  diffenmccs  in  mean  BW  for  diet  irealmcnls  wcredelecled  (Table  3-4).  Cows 
fial  die  anionic  diet  had  numerically  lower  BW  (646  kg)  than  cows  fed  cationic  diet  (656 
kg)  al  -8  wk  (Table  3-5).  Cows  in  both  groups  increased  llieirBW  during  ihe  weeks  of 
the  prepanum  period.  The  mean  increase  Irom  wk  -8  to  wk  - 1 was  9.9  % and  1 1 .3  % for 
anionic  and  cationic  diet  groups,  respeclivcly  (Figure  3-1).  Similarly,  no  difTerenccs  were 
observed  in  mean  BCS  by  diet  Ircaimeni  during  Ibe  prepanum  period  (Tabic  3-4).  The 
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mc&n  BCS  of  cows  fed  anionic  and  cationic  diets  al  wk  <S  were  3.26  and  3.30, 
respectively.  Both  groups  of  cows  increased  their  BCS  front  -S  wk  to  panurtiion  (Figure 
3‘2).  increase  in  mean  BCS  was  numerically  but  not  significantly  greater  for  cows  in 
cationic  group  (0.28  points)  lhan  cows  in  anionic  did  group  (0.22  poinu). 

Postoanum  ocriod 

Another  objective  of  the  current  study  was  lo  evaluate  the  changes  in  BW  and 
BCS  throughoui  the  early  posipartum  period  (wk  I lo  wk  14)  and  to  determine  if 
prepartum  ircaintents  had  effects  on  posipartum  BW  or  BCS.  To  evaluate  this  lime  period 
a second  senes  of  analyses  was  performed.  Least  squares  analyses  of  variance  for  BW 
and  BCS  during  the  overall  postpartum  period  arc  in  Table  3-6.  Thne  were  no  significam 
effccis  of  bST,  DRY.  DIET  or  SEA  observed  for  BW.  However,  the  interaction 
S6A*D1ET  (P<0.0793)  was  significant.  Cubic  effect  ofWKon  BW  also  was  Eignificanl. 
There  were  no  significant  bST,  DIET  or  SEA  efTects  observed  for  BCS  during  the  same 
time  period.  Signillcani  effect  of  DRY  iroatmcnl  on  posipartum  BCS  was  detected 
(PO.0372).  The  inicmciion  SEA’DRY  (P<O.OSOI)  and  cubic  effect  of  WK  also  were 
significam. 

The  birth  weights  of  calves  also  were  analysed.  The  birth  weights  of  calves  of 
cows  injecledornol  injected  with  bST  did  not  differ  significantly  (38.3  1.2  vs  36.3* 

1.2  kg.  respectively).  The  calf  birth  weights  were  37.U*  1.4.36.0*  1.4  and  39.2*  I.S  kg 
for  cows  in  30  d dry,  30  d dry  + ECP  and  60  d dry  groups,  respectively.  No  differences  in 
birth  weights  of  caves  were  delected  forcows  fed  prepanum  anionic  (37.1  * l.4kg)or 
cationic  dieU  (37.7*  1.4  kg). 


JifTerduetobST 


During  Uie  posipariuiu  period,  mean  changes  in  BW  did  not  d 
irestment  (Table  3-6).  Mean  BW  decreased  shoiply  after  parturilion  in  both  groups.  The 
decrease  in  BW  was  observed  up  lo  6 wk  postpartum.  After  this  point,  cows  in  both 
groups  maintained  their  BW  (Figure  3-1 ; Table  3-7).  No  dirTcrcnces  were  detected  In 
mean  BCS  between  bST  injected  and  uninjccted  cows  following  parturition.  Changes  In 
BCS  generally  followed  the  same  pattern  as  BW.  The  decrease  in  BCS  lasted  to  6 wk 

(Figure  3-2). 

Least  squares  means  and  SE  for  BW  during  the  postpartunt  period  (wk  0 Otrough 
14)  for  dry  period  treatment  are  in  Table  3-7.  Mean  BW  of  cows  during  l)te  postpartum 

BW  (Figure  3-f).  Usscs  in  BW  for  cows  in  60  d dry  group  (15.7%).  30  d dry  no  ECP 
(14.6%)  and  30d  dry  ECP  groups  (13.1%)  were  similar  Irom  wk-1  through  wk  8. 

During  the  postpartum  period,  changes  in  mean  BCS  differed  signidcamJy 
(?<0.0372|  among  dry  period  Ircalmcnls  (Table  3-6).  Decrease  In  BCS  was  detected  in  ail 
three  groups  following  calving.  Changes  in  BCS  were  shaiper  for  cows  in  60  d dry  cows 
and  remained  signiricumly  les.sthan  cows  given  shorter  dry  period  after  wk  2 postpartum. 

whereas  cows  in  60  d dry  Ireaimcnt  lost  BCS  up  to  wk  10  (Figure  3-2).  Mean  BCS  at  wk 


1 in  30  d dry  (3. 10)  and  30  d dry  +ECP  (3.17)  < 
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NodifTerenccsInmeaii  BW  orBCS  during  the  poEtpanum  pehcKl<wkl  through 
14}  were  dciccied  between  prepunutn  anionic  and  cationic  diet  trsatmenta.  Mean  BW  and 
BCS  for  cows  in  the  two  ptepartum  diet  treatments  followed  the  same  panem  (Figures  3* 

1 and  2).  Decreases  in  BW  and  BCS  were  seen  through  the  first  6 wk  alter  calving  but 
after  that  they  moiniaincd  their  mean  BW  and  BCS  (Table  3>7). 

Serum  Calcium  Concentmuons 

Concentrations  of  Co  in  scrum  did  not  difter  significtintly  due  to  bST.  dry  period, 
or  pmpartum  diet  treatments.  Serum  concentrations  declined  around  parturition  and  were 
least  the  day  following  calving  (Figure  3>3).  However,  only  16  of  80  cows  hod  scrum 
concentrations  of  Ca  less  then  7 mg/dL  the  day  following  calving.  ConcenbutionsofCa 
during  the3  wk  before  through  2 wk  after  calving  in  uninjccicd  cows  were  9.41mgtdL 
and  9.2g  mg/dL  for  cows  injected  with  bST.  On  the  other  hand,  1 1 of  16  cows  that  had 
Ca  concentrations  inlcnnediate  than  7 mg^dL  on  the  day  following  calving  were  in  the 
uninjecied  cows.  Overall  (-14  d through -r|4  d|  serum  concenualions  of  Ca  were 
numerically  greatest  for  60  d dry  cowa  (9.46  mg^dL),  less  for  30  d dry  cows  (9.37  mg'dL) 
and  least  for  cows  in  30  d dry  -vECP  (9.20  mg'dL).  Five  cows  in  60  d dry  group.  6 cows 
in  30  d dry  no  ECP  group  and  5 cows  in  30  d dry  EC?  group  had  Ca  concentrations  less 
than  7 mg'dL  following  calving.  Feeding  the  anionic  diet  did  not  significantly  improve 
premium  or  posipanura  concentrationa  ofCa.  Cows  fed  the  piepartum  anionic  diet  had 
similar  scrum  conccniral  ions  ofCa(9J5  mg'dL)  to  those  in  cows  fed  preportum  cationic 
diet  (9.34  mg'dL}.  and  8 out  of  16  cows  fed  the  anionic  diet  hod  scrum  concentralions  of 
Ca  lower  than  7 mg'dL  Ihc  day  following  calving.  However,  no  cases  of  clinical 
hjpocalcemia  was  observed  in  any  cows  irrespective  of  diet  fed. 
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Figure  j-3.  Serum  conceniraiiont  of  Cain  Holstein  cows  during  the  prepmum 
and  poslpanum  Arrow  indicates  calving 


Changes  in  Dry  Maner  Inlate 


A major  objocliveorihisexperimcm  was  lo  evaluate  changes  in  DM1  during  the 
transition  period  starting  -21  d before  parturition  and  continuing  through  t-2S  d 
postpartum.  Therefore,  data  were  divided  into  prepartirm  (-21  to-1  d)and  postpartum  (0 
to  28  d)  sets  for  analyses.  During  the  prepurtum  period,  no  dirferences  were  detected  in 
DMI  (or  bST,  DRY  or  DIET  treatments.  The  two-factor  interaclion  of  SEA"  DIET  was 
signilicam  (P<0.052l  I and  cubic  cfTccrs  of  days  (P<0.0001 ) and  tjuadratic  effects  of  BCS 
(P<0.0004)  also  were  significant. 

No  differences  in  DM]  were  detected  ferbST  treatment  groups  before  parturilion. 
Least  squares  analysis  of  variance  for  DMI  in  Table  3-8  and  less!  squares  means  for  DM! 
dunng  theprepartum  period  are  in  Table  3-9.  Average  DMI  are  3 wk  before  calving  was 
greater  than  22  kg/d  for  cows  in  both  bST  treatment  groups.  Eight  day^  before  calving 
cows  showed  no  decrease  in  DMI  and  still  had  similar  DMI  <24  kg/d  for  both  groups; 
Figure  3-4).  From  this  point,  decline  in  DMI  was  observed  for  cows  not  injected  with  bST 
and  2 d before  calving  the  DMI  for  this  group  was  around  19  kg  which  was  a 20  % 
decrease.  On  the  other  hand.  DMI  of  cows  in  bST  treated  group  had  declined  to -21  kg/d, 
a 13%  decrease  in  DMI.  One  day  before  patiurition  for  cows  in  uninjecled  and  bST 
ueatedgroupsofeows  the  DMI  was  reduced  to  14  kg  and  IS  kg.  respectively.  Reductions 
in  DMI  were  40%  for  uninjected  and  37%  for  bST  treated  cows  from  d -S  to  d -1 
prepanum  (Figure  3-4). 

Least  squares  analysis  of  variance  for  DMI  of  ihe  cows  in  the  ihree  dry  penod 
trcatmenl  groups  during  the  overall  prepanum  period  lain  Tabic  3-8.  No  significant 
effects  of  dry  period  length  were  detected  for  DMI.  Average  DMI  3 wk  before  calving 


129 


Figure  3-4.  Dry  iruiier  intake  ofHoUteiii  cows  dming  the  prepanunt  and  postpartum 
periods.  Arrow  indicates  calving 
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was  about  23  kg  for  cows  in  nil  diy  period  troatracnl  groups  (Table  3- 1 01.  Cows  showed 
no  decrease  in  DMI 0 d before  calving  otkI  still  had  similar  DM]  to  lhal  al  d -21  (Figure 
3-4).  However,  cows  in  all  dry  period  treatment  groups  showed  decreases  in  mean  DMI 
during  the  last  few  days  preparlum  with  decreaes  in  DMI  of  31, 37  and  4S%  for  cows  in 
30  d dry,  30  d dry  r-ECP  and  60  d dry  cows,  respectively  (Figure  3-4). 

The  least  squares  analysis  of  variance  for  DMI  of  cows  fed  anionic  ar>d  cationic 
dicls  prepanum  did  nol  difler  during  Iheprcpartutn  period  (Table  3-8).  The  mean  DMI 
were  23.2  kg/d  and  23.4  fcg/d  for  cows  fed  prepartum  anionic  and  callonic  diets, 
respectively  (Table  3-11).  Cows  in  bolh  diet  groups  maintained  their  intake  through  d -8 
with  DMI  greater  than  23  kg/d.  Cows  in  both  treatment  groups  showed  a dramatic 
decrease  Ihc  day  before  calving  (Figure  3-4).  The  decreases  in  mean  DMI  from  d -8  lod- 
I were  similar  (37%  and  39%  for  cows  fed  anionic  and  cationic  diets,  respectively), 
Postnanum  period 

For  DMI  data  collected  aher  panurilioii  (0  to  28  d),  statistical  analyses  included 
the  mein  treatments,  their  interactions,  days  significant  up  to  quadratic  order,  and  linear 
cffeciofBW  of  cows.  During  the  postpartum  period,  no  differences  were  delected  in 
mean  DMIfor  bST,  DRV  or  DIET  ireaimenls.  Significant  effects  of  SEA  and  the 
inccracUon  bST’DRY  were  delected  (Table  3-12).  When  Ihe  DMI  of  cows  was  expressed 
as  a percentage  of  BW  (%BW),  no  effects  weredcteeled  due  to  the  main  Irealmcnts  bST 
and  DIET,  however,  effects  due  to  DRY  irealmcnts  were  delected  significant. 

Least  squares  analysis  of  variance  for  DM!  of  bST  Ircatmem  during  Ihe  overall 
posipanum  period  is  in  Table  3-12.  No  differences  in  mean  DMI  were  observed  due  to 
hST  Ircalmenl.  Cows  in  both  bST  injected  and  uninjecied  groups  showed  increased  DMI 
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I I 3 S ? 


lDMI(-  1 7 kg/d). 


an«r  partuiilion.  The  lirsi  day  following  calving,  cows  hod  Iheir  iowesi 
TherealWr.  a giadual  Increase  In  daily  DMI  was  observed  and  one  week  oRcr  calving  the 
DM!  of  cows  in  both  ireaunenl  groeps  was  greater  than  23  kg/d;  these  were  similar  to 
greatest  intakes  seen  prepamim  (Table  3-9).  At  tiK  end  of  the  measurement  penod  (d  2S), 
mean  DMI  for  the  cows  was  greater  than  30  kg/d  (Figure  3-4). 

No  dllTerences  In  mean  DMI  were  detecled  for  the  three  diy  period  tccaimciit 

lower  mean  DMI  after  calving  (Figure  3-4).  Cows  in  the  two  30  d dry  groups  reached 
DMI  that  were  seen  prepanum  (-23  kg/d)  7 d after  pamirition  but  60  d dry  cows  DMI 
was  - 21  kg/d.  In  general,  trends  for  mean  DMI  of  60  d dry  cows  tended  to  be  less 
Ihroughoutlhe  28  d period  than  for  cows  in  the  two  30  d dry  groups  (Table  3-10).  The 
mean  postpartum  DMI  was  greatest  for  cows  in  30  d dry  -sECP  cows  (27  kg/d),  lower  for 
eovrs  in  30  d dry  covis  (2S.7  kg/d)  and  least  for  60  d dry  cows  (24.7  kg/d).  However,  aid 
28  postpartum  cows  in  three  dry  irealmeni  groups  mean  DMI  was  greater  than  30  kg/d 
DMI  |Figure3-4).  On  Ihe  other  hand,  DMI  expressed  as  a pereentage  ofBW  differed 
among  groups  (P<0.0l|.  Similar  to  results  for  DMI  (kg/d),  the  greatest  DMI  expressed  as 
apercenlageofBWwBsrorcowsin30ddryECP  group  (1.95%),  intermediate  for  cows 
in30ddryno  ECP  (i. 86%)  and  least  for  cows  in  60  d dry  group  (1.75‘A;  Table  3-10). 

The  mean  DMI  during  the  overall  postpartum  period  (28  d>  were  similar  (26. 1 
kg/d  and  23.3  kg/d,  respectively)  for  cows  fed  cationic  and  anionic  diets  prepanum  (T^le 
3-11).  Cows  fed  calionic  diet  tended  to  have  slightly  numerically  greater  DMI  during  Ihe 

greater  than  23  kg/d  8 d postpartum  (Figure  3-4). 
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Energy  status  of  the  cows  during  the  first  4 wk  postpsnum  was  negative  and  did 
not  dIfTer  »gnificamly  forbST  and  non-bST  groups  (-13.25  vs -16.07  Meal/d. 
respectively;  Table  3-9).  The  energy  status  of  cows  fed  anionic  or  cationic  diets 
prepartum  did  not  di  (Ter  during  the  firsld  wk  posiportum  (-16.36  vs-l7.97Mcal/d. 
respectively;  Table  3-10).  Cows  in  30  d dry  group  had  significantly  less  negative  energy 
status  (-13.77  Mcal/d|  than  cows  in30ddiy-v  ECP  group  (-17.04  Meal'd)  or  than  cows 
in  60  d dry  group  (-20.68  Mcal/d;  P<0.06;  Table  3-1 1)  during  the  first  4 wk  postpartum. 

Regression  analyses  wero  perfoimcd  for  DMI  to  describe  trends  in  consumption 
throughout  the  uansilion  period  (-28  to  23  d).  Regression  curves  indicated  that  no 
di  (Terences  were  observed  between  bST  injected  or  uninjecied  cows  as  well  as  between 
prepartum  anionic  diet  and  cationic  diet  iroaimcnis.  On  the  other  hand,  30  d dry  groups 
appeared  to  have  greater  DMI  at  the  beginning  of  the  Inclation.  Heterogeneity  tests  ofUie 
prepartum  and  postpartum  curves  for  dry  period  treatmcils  provided  no  evidence  that 
curves  were  not  parallel.  Results  presented  in  Figuru  3-5  showed  almost  identical  trends 
for  bST  injected  and  uninjcctcd  control  cows  from  the  beginning  of  the  triaJ  through  28  d 
postpartum.  Cows  in  prepartum  cationic  diet  Ircalmenl  tended  to  start  with  greater  DMI  at 
the  beginning  of  the  experiment,  but  nodi  ITeronces  were  observed  during  the  final  weeks 
prepartum.  In  addition,  cows  in  ptepartuin  cationic  diet  Irealment  also  started  with  greater 
DMI  during  the  first  week  following  paiturition.  but  DMI  of  cows  in  prepanum  anionic 
diet  ireairaeni  tended  to  be  greater  at  the  end  of  the  experiment.  Heterogeneity  tests  of  the 
prepartum  curves  provided  no  evidence  that  curvea  were  not  parallel  and  all  cows  in  dry 
period  groups  had  simitar  trends  during  the  prepartum  period. 
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Figure  3-5.  Regressons  dcpicring  chengcs  in  Dry  marier  iniake  ofHolsiein  cows 
during  ihe  prepnmun  and  postpartum  periods 


Preotunmn  Period 


High  yielding  dairy  cows  undergo  a rapid  arrd  extensive  metabolic  challenge 
between  late  pregnancy  and  early  lactation.  A significant  fail  in  DM!  occurs  during  late 
pregnancy  and  it  coniinues  through  early  lactaiiun  (Bertiesetal.,  1992;  Coppocit  et  aJ., 
1972;  lodge  et  al..  1976).  Betties  el  al  (1992)  dtrscribed  two  pronounced  phases  that  can 
affect  cows  healih  and  laclationaJ  perrormance.  The  Hrxt  phase  takes  place  during  the  last 
week  prepanuni  and  is  characleiued  by  a 30%  or  greater  decrease  in  DMI.  The  second 
phase  lakes  place  during  the  first  3 wk  postpartum,  a lime  when  DMI  should  increase 
rapidly  to  suppon  milk  production.  Rato  of  increase  in  DMI  is  the  primary  dctcrminanl  of 
ene^  inlake  and  energy  balance  during  early  lactation  cows  and  It  is  important  lhal  it 
occurs  during  this  early  posipanum  periotl 

In  ihccuircm  sludy.  limitini  decline  In  DMI  was  observed  In  all  ireaunenl  groups 
before  calving  Al  the  end  oflheCaJan  gate  training  period  (~~2I  d)  cows  in  all  ireaimcDi 
groups  had  essentially  achievtul  their  greatest  DMI  and  It  remained  high  for  2 wk  except 
for  the  cows  in  30  d dry  ECP  group.  These  cows  showed  a decline  in  DMI '-2ld  which 
lasled  about  I wk.  However,  cows  in  all  ireaiineni  gioups  had  mean  DMI  greater  than  22 
kgfd  I wk  before  calving  Decrease  in  mean  DMI  from  d -14  tod -2  was  about  13  % 
across  all  treatmeni  groups  and  overall  decrease  seen  at  d -I  was  about  30%.  Thus,  even 
though  n gradual  decline  was  seen  during  the  last  week  preparium.  the  major  decrease  in 
feed  consumption  look  place  just  before  or  on  the  day  of  calving.  The  DMI  of  cows  was 
much  greater  than  previously  reponed.  Average  DMI  reponed  3 wk  before  calving  was 
around  15  kg/d  for  Holslcin  cows  (Betties  et  al.,  1992;  Garcia  el  al..  2000;  Otum  cl  al., 


199$;  Udgeclal..  1975;  Zamel  el  al..  1 974).  Tliey  also  described  a 20  lo  40  H decrease 
In  DM1  during  Ihe  final  week  prepanuni.  Although  our  data  confiiTned  previous  repons 
ihal  DMI  deereased  during  the  Tinal  week  prepanum,  the  decrease  In  DMI  was  less  than 
that  reported  by  others  (Beriicsel  al.,  1992;  Garcia  el  ah,  2000;  Grum  el  al.,  1996;  21amei 
et  al..  1979).  but  agreed  with  Gulay  11998).  In  Ihc  latter  study,  decreases  in  DMI  for  cows 
treated  with  bST  (5.1. 10.2  or  15.3  mg/bSTd)  and  uninjecled  conliol  cows  were  between 
17  to  22%  al  I wk  bcTore  calving  compared  to  that  at  wk  ‘2  before  calving  (Gulay.  1998). 
On  ihe  olherhand.  Garcia  (1998)  reported  that  there  was  about  16%  decrease  in  mean 
DMI  I wk  before  calving  for  cows  injected  and  uninjecled  with  bST.  On  ihe  day  before 
calving  the  DMI  of  bolb  injected  or  uninjecled  groups  of  cows  was  about  65  % of  that 
seen  on  d-7  (Garcia.  1998). 

(jrrsier  decrease  in  DMI  for  cows  injected  with  bST  (5  and  14  mg/d)  was  reporled 
before  calving  (Simmons  el  al.,  1994).  Zamet  el  al.  (1979)  reported  that  DMI  decrease 
during  Ihc  last  week  before  parluilion  was  associated  wilh  high  incidence  of  metabolic 
diseases  during  early  laclnlion,  which  differed  from  the  000*001  study.  During  the  present 
study,  no  clinical  ketosis  or  clinical  hypocalcemia  (milk  fever)  was  observed.  Only  two 
cows  (one  cow  from  60  d dry,  no  bST,  anionic  diet  group  and  one  cow  from  6(1  d dry, 
bST  cationic  diet  group)  presented  displacement  of  abomasum  (DA).  The  DA  occurrence 
rate  for  Ibis  experiment  was  about  2.5%  which  was  much  less  than  the  overage  observed 
in  the  DRU  herd  and  often  reported  for  cows  (up  to  14%;  Drnckley,  1999;  Erbond  Grehn, 
1983). 

In  currcni  experiment.  Ihe  relatively  high  DMI  during  the  prepanum  period  also 
affected  IheBW  andBCS  for  the  cows  and  from  wk-8  10  wk-l.  TheBW  and  BCSof 


ihe  cows  increased  on  a week  to  week  basis,  and  il  was  noi  alTectcd  by  ihc  decline  in  DMI 
during  the  final  week  preportum.  Body  Wcighi  and  BCS  were  positively  correlaied 
(PO.OOl;  1=0.5758)  during  ihcprcpanum  period.  In  addilion.  DMI  was  correlated 
positively  with  BW  (PO.0255;  i=0.04875)  bul  not  with  BCS  (P<0.M2I;  i=-0.025S).  No 
difTeienccsin  DMI  were  observed  due  to  any  of  the  Ircauncms.  Putnain  elal.  (1999) 
reported  no  signiliconl  dilTcrcnccs  in  prepanuin  BCS  between  control  cows  and  Ibosc 
Injccicd  with  a full  dose  of  bST  (51X1  mg  bST/d)  when  injections  began  -28  d prcpantim. 
Similariy,  no  cffccls  of  low'  doses  of  bST  injected  prepanutn  (5.1. 10.2  or  15.3  mg(d) 
were  observed  on  BW  and  BCS  compared  lo  control  cows  (Gulay,  1998).  Garcia  (1998) 
also  reported  no  cfTecl  of  low  bST  dose  injection  on  BW  and  BCS  (5.1  mgbST/d).  Our 
results  indicated  that  cows  in  both  uninjcclcd  conlrol  and  bST  injected  groups  had  similar 
DMI  during  the  ovemll  prepanutn  period  which  led  lo  similar  BW  and  BCS  trends  for 
both  treatment  groups.  IfaditTerence  exists,  perhaps  a 3 wk  lime  period  was  Uxj  shon  to 
delect  a difference  in  DMI  due  lobST.  if  any  elTecls  were  provoked  during  prepartum 

In  Ihc  cuirent  experimenl.  there  was  a decrease  in  mean  DMI  beginning  around  d - 
21  which  lasicd  about  a week  in  cows  dial  had  been  injccicd  with  ECP  and  given  a 30  d 
dry  period.  Schaircr  (2001)  reported  that  injecting  diy  cows  with  ECP  resulted  in 
increases  in  plasma  concentrations  of  E.  compared  lo  control  cows  and  that  peak 
concentrations  of  Ej  were  reached  48  h post-injection  and  they  persisitxl  for  up  to  96  h.  In 
cows,  intravenous  injections  of  1 7 P-estradiol  caused  a decrease  in  feed  intake  (Gncnmcr 
et  a]..  1990).  Studies  in  rats  indicated  that  estrogen  bos  negative  cffccls  upon  feed  intake 
due  to  direct  actions  on  Ihe  brain  (Buiero  el  al..  1 989).  In  addilion,  Forbes  (1974)  also 
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reponed  depressed  feed  inuke  in  ensrrated  male  sheep  when  mmavenlricular  injeclinns  of 
esiradiol  benzo&le  greater  than  60  pg  were  given.  Ovariectomy  resulted  in  a temporary 
irKrease  in  feed  inlake  for  3 to  4 wk  and  this  resulted  in  elevation  in  BW  in  rats  (Tartrelin 
and  Gorski.  1973).  Injection  of  physiological  doses  ofeslrogeo  reversed  this  elTecl  and  a 
reduction  of  BW  was  observed  as  long  as  estrogen  trealment  continued  (Torttelin  and 
Ctrrski,  1973).  Moreover,  in  cows,  intravenous  injections  of  decreased  both  MY  and 
DMI  (Cnirnmer  el  ah,  1990).  Thus,  the  expected  additional  increase  in  plasma 
concentrations  of  estrogen  due  to  ECP  injections  may  hove  hod  on  acute  but  short-term 
negative  effect  on  DMI.  as  seen  in  ECP  injected  cows  (Scluiirer,  2001). 

No  differences  in  BW  orBCS  were  observed  due  to  dry  period  treatment.  Cows 
in  all  three  dry  period  irearment  groups  showed  IncrerLscd  BW  and  BCS  from  wk  -8  lo  wk 
-4.  which  continued  through  the  final  week  before  calving.  Although  cows  in  both  30  d 
dry  with  and  without  ECP  were  not  dried  off  in  this  >8  wk  lo  -4wk  lime  period,  they 
gained  about  the  same  BCS  (0. 1 point)  as  60  d dry  cows  (0,06  point)  which  were  not 
being  milked  during  this  lime.  Cows  in  50  d dry  group  had  significantly  higher  BW  at  the 
lime  ofdiying  off (-gwk)  than  cows  in  30d  diy  groups.  However,  aJthough  BW  still  was 
numercally  greater  during  the  remaining  prepartuni  period,  no  significant  differences  in 
BW  were  observed  between  60  d dry  and  bolh  groups  of30d  dry  cows. 

No  significant  differences  in  mean  DMI  were  delected  between  prcparlum  diet 
irealmenl  groups.  Cows  in  anionic  and  cationic  diet  treatmenu  showed  gradual  decline  in 
DMI  during  Ihe  last  week  prepanum  with  the  major  decline  in  mean  DMI  occurring 
within  24  h of  paiturilion  for  cows  in  bolh  groups.  No  effect  of  prepanum  diet  was 
detected  for  prepanum  BW  and  BCS  in  current  study.  The  results  of  current  study  agreed 
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wichalhers  (Block.  1984;  Mooce  el  aJ..  2000;  Olzel  el  aU  1991).  Moore  el  al.  (2000) 
reported  no  di  (Terences  jnpreparlum  DMI  between  cows  fed  calioiuc  and  anionic  diets.  In 
the  same  study,  anionic  salt  treatments  did  not  change  BW  and  BCS  compared  to  cows 
fed  the  control  diet  that  did  nol  contain  salts.  In  another  study,  anionic  salt  Irealmcnls  did 
not  cause  a decrease  in  DMI  compared  to  cows  fed  the  control  diet  without  salts,  and  they 
reported  no  difTcrcnces  inpn^anum  BCS  of  cows  fed  the  difTcrenl  diets  (CIcIzel  cl  al., 
1991).  Block  (1984)  also  failed  to  delect  a dlfTcrence  In  DMI  of  cows  fed  anionic  or 
cationic  diels.  On  the  other  hand,  Vagnoni  and  Oeiieel  (1993)  reported  that  when  diets 
were  fed  for  one  week  periods  that  the  daily  DMI  increased  as  the  timeofaccc.ss  to  the 
anionic  diet  increased  during  the  drst  S d.  However,  mean  DMI  over  d 5 to  7 was 
reduced  when  dietary  anionic  salts  were  included  due  to  a mild  metabolic  acidosis. 
Because  feeding  periods  were  relatively  short  in  their  trial,  no  diiTerences  could  have 
been  detected  if  reduced  DMI  occurred  orpemisicd  fora  greater  length  of  lime.  Results  of 
thccurreni  capenmeni  indicated  that  DMI  was  maintained  at  a high  level  in  both  anionic 
and  cationic  diet  groups  of  cows  such  that  there  was  no  elTect  on  BW  and  BCS  prcpamim 
and  no  negative  effects  of  feeding  diet  thal  contained  anionic  salts  were  evident. 

Early  studies  demonstrated  that  a major  decline  b DM)  is  initialed  in  late 
piegnancy  irrespective  of  diet  fed  and  extending  early  lactation  (Drackley,  1999i 
Ingvaitscn  and  Andersen,  2000).  It  has  been  suggested  that  the  decline  in  the  DM!  during 
late  prepartum  period  is  caused  by  the  pressure  on  the  rumen  exerted  by  the  growing 
uterus  and  also  by  the  increasing  accumulation  of  abdominal  fat  during  late  pregnancy 
(Forbes,  1968).  However,  decreased  rumen  volume  actually  can  be  balanced  by  on 
increase  in  Ihe  passage  talc  of  panicles  oul  oflhe  rumen  (Kaske  and  Groth,  1997),  As  a 


result,  il  is  more  likely  that  decreased  DMI  during  the  late  prepartum  period  is  due  to 
melabolic  adaptations  that  occur  before  calving.  It  has  been  proposed  that  incteased 
accumulation  oflipids  in  the  body  reserves  during  the  late  prepartum  period  down 
regulates  DM)  {Broster  and  Btosler,  1 984). 

Increased  glucose  uptake  by  the  growing  fetus  occurs  with  an  associated  reduction 
in  the  use  of  glucose  by  maternal  tissues.  Thus,  matcmol  tissues  rely  on  metabolism  of 
NEFA  and  ketone  bodies  (Bell,  1995).  Increased  lipid  drain  results  in  mobilisation  of 
body  fat  and  a rise  in  plasma  concentrations  ofNEF  A.  glycerol  and  ketone  bodies.  It  hss 
been  speculated  that  osidation  of  NEFA  in  the  brain  and  the  liver  can  decrease  DMI 
(Horn  et  al..  1999).  In  dairycows.  a4  h infusion  oflipids  that  provided  16.7  MI  ofNE,, 
resulted  in  a slight  decrease  in  DMI  postinjection  (Bareilleand  Faverdin,  1996). 
Moreover.  Choi  el  al.  (1997)  observed  a substantial  decrease  in  DMI  during  the  first  4 hr 
postinjcclion  aher  they  had  blocked  fatly  acid  oxidation  in  dairy  heifers  by  using  sodium 
mcreapioaccuie.  It  wa.s  suggested  that  the  increased  plasma  glycerol  also  may  mfluence 
intake  through  a central  nervous  system  mechanism.  Intracerebroventricular  infusions  of 
glycerol  in  rats  decreased  their  feed  intake  (Davis  ci  al.,  1981). 

Along  with  metabolites  in  blood,  il  has  been  suggested  that  hormones  also  altered 
feed  intake.  Melabolic  adapialions  that  affect  feed  intake  are  regulated,  in  pan.  by  fNS. 
Thus,  reduced  uptake  and  recsteri6calion  of  fatly  acids,  decrease  in  i/e  novo  synthesis  of 
TC,  and  Increased  llpolysts  most  likdy  msuli  from  decreased  ability  of  (NS  to  promote 
lipogenesis  and  oppose  lipolysis  (Bell,  1995).  Moreover,  concenlniions  of  estrogen  rise 
by  midgeslaiion  and  peak  prior  to  parturition  (Chew  el  al.,  1977).  The  increased 
concentrations  of  E,  in  the  peripheral  circulation  may  have  direct  effects  in  the 


pardveruricularnucleusoriJic  hypolhaJamus  (Bulera  and  Beikirch,  1989)  and  this  has 
been  implicated  to  reduce  DMI  before  calving  (Foihes,  1987).  In  addition  to  Ej  ^ 
concentrations  of  ST  begin  to  increase  during  late  pregnancy.  Somatotropin  reduces  the 
ability  of  [NS  to  stimulnlc  lipogenesls  in  adipose  tissue  and  actively  stimulates  lipolysis; 
ST  olteis  the  sensitivity  of  adipose  tissue  to  (t-udrenergic  agents  (Bauman  and  Vemon. 
1998).  These  efTects  would  dramatically  increase  mobilization  of  lipids  Inam  the  adipose 
tissue  and  increase  concentrations  of  NEFA  and  glycerol  in  blood.  Thus,  there  would  be 

andglyceiol  use  in  adipose  tissue  (Bauman  cl  al.,  1988).  For  these  reasons,  ST  is 
considered  the  major  regulator  of  metabolic  adaplalions  that  starts  during  the  transition 
penod.  or  earlier,  and  continues  throughout  the  lactation  (McNamani.  1995). 


Rate  of  increase  in  DMI  during  early  lactation  is  the  primary  determinant  of 
energy  balance  along  with  the  rale  of  increase  in  milk  yield.  Thus,  the  first  3 wk 
postpanum  is  impcnanl  because  DMI  ^ould  increase  rapidly  to  provide  the  energy  and 
precursors  to  support  and  sustain  milk  production.  The  current  study  detected  no 
diffcimccs  in  mean  DMI  during  the  first  38  d postpuilum  due  lobST  treatment.  Cows  in 
both  groups  showed  increased  DMI  alter  parturition  (Figure  3*4).  The  first  day  following 
calving,  cows  had  the  lowest  DMI  I-  1 7 kg/d).  Thereallcr,  rale  of  increase  In  DMI  for 
cows  in  both  bST  injeeled  end  uninjected  control  groups  were  similar.  Al  the  end  of  the 
sampling  period  (d  38X  mean  DMI  for  Ihe  cows  was  greater  than  30  kg/d.  Also  no 
difTcrerrees  in  BW  or  BCS  were  seen  due  to  bST  effceis.  This  agreed  with  results  of 
others  where  low.  intermediate  or  high  doses  of  bST  had  been  injected  prepanum. 


PuUliini  et  al.  (1999)  reported  no  significant  dilTcrcnccs  in  postpartum  BCS  of  cows  in 
control  orpr^arrum  bST  injected  groups  (SOOmg/14  d|.  In  the  same  study,  the  DMI  was 
significantly  greater  at  2S  d aRcr  parturition.  Others  also  reported  no  increases  in  DMI  or 
efficiency  of  milk  production  by  cows  injected  with  bST  during  early  lactation  (Gallo  and 
Block,  1990;  Schneider  ei  al.,  1999).  In  addition,  poslpanum  DM!  of  cows  treaied  with 
lesser  doses  of  bST  (S  and  14  mgbST/d)  during  the  prepartum  period  did  not  differ 
(SimmoTts  et  al„  1994).  Eppard  et  al.  (1996)  reported  no  differences  in  DML  BCS  or  BW 
during  the  fust  9 wk  oflaclatirm  of  cows  Ireated  with  full  dose  ofbST  (SOO  mgfl4  d) 
prepartum  compared  to  uninjtrcied  control  cows.  When  cows  were  injected  with  20.6  mg 
bST/d  (de  Boerei  al.,  1991)  or  5 and  14  mg  bSTrd  (Sunisiewski  et  al.,  1 992).  poslpanum 
DMI,  BW  (deBoer  cl  al..  1991)  or  BCS  (Slanisiewski  elal..  1992)  were  not  affected  by 
bST  Ircmmenls.  Moallem  el  al.  (2000)  concluded  lhal  bST  injccicd  very  early  in  Irtclalion 
(d  10)  increased  DMI  aRcr  injections  were  initialed.  On  the  olhcc  hand,  increase  in  DMI 
was  not  enough  to  support  lire  increase  in  MY  and  injected  cows  faced  an  extensive 
period  of  NEB  and,  iherefonr,  BW  arHl  BCS  decreased.  However,  in  lhal  study  cows 
reerhved  a full  dose  ofbST  (500  mgfl4d)  which  resullcd  a severe  NEB  for  the  injected 
cows.  Additional  reports  also  suggested  no  increase  in  DMI  ofeows  whenbST  was 
injected  during  mid  to  late  lactation  (Lucy  el  al..  1993;  Remondetal..  1991).  On  the  other 
hand,  prepartum  and  postpartum  injections  of  15.3  mg  bST/d  increased  DMI  aRer 
panurtlion,  and  there  was  less  decrease  in  BCS  and  BW  allowing  the  cows  to  recover  BW 
and  BCS  in  less  lime  during  early  lactation  (Gulayei  al.,  2000).  In  addi lion.  Garcia  et  al. 
(2000)  reported  that  a low  dose  ofbST  (5. 1 mg/d)  injected  into  cows  before  and  after 


panurilion  incnsosed  numerical  DM1  during  the  early  weeks  of  the  lactation  period, 
however  this  was  not  significant. 


In  CUIT«1|  study,  no  severe  NEB  was  seen,  as  indicated  by  the  changes  in  BW  and 
BCS,  even  though  MY  increased.  Good  BCS  at  calving  is  important  for  high  producing 
cows  and  dry  cows  should  achieve  an  adequate  BCS  (3.2S-3.7S)  at  calving  (Nocek  et  al., 
1983).  In  current  study,  cows  inbST  injected  and  uninjected  groups  had  BCS  of'-3.3D  at 
calving  and  also  had  high  DMI.  These  two  factors  might  have  enabled  cows  to  recover 
their  BCS  earlier  during  postpartum  period  which  would  agree  with  the  report  that  cows 
having  BCS  of  3 to  3.5  had  bener  recovery  of  BCS  at  1 0 wk  postpartum  than  cows  with 
BCS  of 4 (Pedion  et  al..  1993).  Importantly,  low  dose  injections  ofbST  during  prepanum 
and  early  postpartum  periods  did  not  have  a negative  effect  on  BW  or  BCS,  although  the 
bST  injected  group  was  producing  greater  quantities  of  milk  uiggcsiing  there  was  more 
efficient  production  of  milk  and  3.5%  PCM.  Thus,  the  low  doscofbST  during  the 

higher  doses  resulled  in  severe  NEB  and  BCS  loss  for  these  cows. 

In  the  current  study,  it  is  imponanl  to  note  that  no  negative  or  positive  effects  of 
bST  on  BW  or  BCS  were  observed  any  time  postpartum.  Previous  reports  where  full  dose 
ofbST  following  panurilion  suggested  that  the  effect  of  treatment  on  BCS  was  severe 
and  cows  were  affected  adversely  compared  to  uninjected  cows  (Moallem  elal.,  1996: 
Moallcm  elal.,  20tXI).  In  another  study,  when  full  dose  ofbST  injections  were  iniliaied 
28  d prior  to  expected  calving  dale  and  were  continued  unlil  parlurition,  cows  Heated 
with  bST  produced  3.3  kg/d  more  milk  lhan  uninjected  controls  during  Ihc  first  42  d of 
lactation  iPuinam  cl  al..  1999).  Because  cows  in  bST  Ircaled  group  had  significantly 


higher  initial  BCS  than  conirals  when  they  were  assigned  to  the  thal.  these  authors  were 
unable  to  conclude  ifinjeclinga  full  dose  bST  had  a negative  effect  on  posipanum  BCS. 
In  the  current  study,  overall  mean  BCS  was  maintained  greater  than  3.0  for  cows  in  both 
bST  injected  and  iininjected  groups  and  no  differences  in  QMI.  BW  and  BCS  were 

No  differences  in  mean  DMI  or  BW  were  observed  due  to  dry  penod  treatment 
after  partuiition.  Following  parturition,  mean  DMI  increased  for  cows  in  all  trealmetils 

cows  compared  to  dO  d dry.  Although  mean  BW  were  similar,  cows  in  60  d dry  period 
tended  to  lose  morefiW  after  parturition.  Cows  in  60  d dry  group  gained  about  60  kg 
during  the  diy  period.  Allbougb  cows  in  30  d dry  groups  gained  about  70  kg  B W during 
same  lime.  only-'30  kg  of  the  70  kg  was  gained  during  the  dry  period,  with  the  remaining 
40  kg  gained  during  the  extra  30  d they  still  were  milking  Perhaps  the  greater  increase 
(40  kg)  in  BW  during  dry  period  depressed  DMI  posipanum.  A positive  relationship  has 

posipanum  mobiliralion  of  body  tissues  flngvansen  and  Andersen,  2000). 

When  DMI  was  expressed  os  a percemage  of  BW.  it  was  significantly  grealer  for 
30  d dry  cows  with  or  without  ECP  than  60  d dry  cows.  Furthermore,  the  mean  BCS  of 
the  cows  in  60  d dry  group  was  significantly  less  than  cows  in  both  30  d dry  groups 
during  the  weeks  following  parturition  and  they  also  lost  more  BCS  for  a longer  time 
period  (Figure  3>2).  The  average  BCS  gain  for  30  d dry  cows  and  60  d dry  cows  was 

d dry  cows  were  not  being  milked  from  wk  -8  to  wk  -4.  they  essentially  did  not  gain  more 
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compared  lo  those  30  d dry  cows  Ihal  still  were  milking  <0.00  vs  0.10  poinU  tsqicclivciyi. 
Apparently,  Ihe  60  d dry  cows  consumed  less  DM  during  FOD  period  because  BCS  and 

It  has  been  concluded  that  body  reserves  replenished  during  late  lactation  occurs 
mom  cflrcicntly  than  that  replenished  during  Ihe  dry  period  (Mae  et  al.,  1971).  Armstrong 

was  hi^er  than  occurs  during  the  dry  period.  ITBCS  increased  during  Into  lactalion.  the 
efficiency  of  replacing  BCS  was  -74<4.  however,  if  replaced  during  the  dry  period,  the 
emciency  of  replacing  BCS  was  only  -59%  <Moe  el  al..  1971 ).  Thus,  they  concluded  that 
BCS  lost  during  early  lactation  could  be  replaced  more  efficiently  during  late  lactation 
than  during  the  dry  period.  The  data  indicated  Ihal  30  d dry  period  with  or  without  ECP 

the  current  experiment.  On  the  contrary,  results  suggesled  belter  muintcnancc  of  BCS 
with  30  ddiy  period  IhnnSOddry  period  hccause  BCS  of  the  cows  in  shoricr  dry  periods 
weregreater(>3.0)than  BCS  of  cows  given  the  longer  dry  period  (<  3.0).  Asaresuh, 
more  persistent  BCS  was  seen  in  30  d dry  cows,  because  short-term  dry  cows  gained 
more  of  their  BCS  when  they  were  slill  Inclating.  Moreover,  the  greatest  DMI.  expressed 
as  a percentage  of  BW  was  for  cows  in  30  d dry  ECP  group,  inicrmedialc  for  cows  in  30  d 
dry  no  ECP  and  lowest  tor  cows  in  60  d dry  group.  Thus,  injeciing  prepartum  ECP  did 
not  reduce  DMI. 

Cows  in  30  d dry  groups  experienced  only  one  die!  change  during  their  dry  period. 


afTeci  development  of  papillae  and  incofflpleleadapulion  of  the  microbial  populolionof 
the  rumen.  Changes  in  the  numbers  of  ruminal  papillae  occurs  in  response  to  nutritional 
changes.  Complete  adapiation  requires  a period  of2  to  3 wk  (Dirksen  el  al..  ldS3;  Goff 
and  Horst,  1 997).  Making  fewer  changes,  on  the  other  hand,  might  encourage 
maintenance  of  the  desired  rumen  population  and  better  rumen  papillae  development. 
Thus.  It  Is  possible  that  cows  given  shorter  dry  periods  would  have  better  clficieTKy  of 
rermeataltott  and  absorption  of  end  products  of  fermentation  during  early  lactation  even 

in  fermentation  turd  absorption  would  result  in  greater  maintenance  ofBCS  during  cariy 
lactation,  as  was  found. 

Although  mean  DMI  of  cows  fed  anionic  and  cationic  diel  treatments  did  not 
differ  during  the  first  week  postpartum,  cows  fed  the  cationic  diet  prepartum  tended  to 
have  slightly  higher  DMI  following  parturition.  Urine  ofthe  animals  was  collected  and 
pH  measured  routinely  during  the  prepartum  period.  Cows  in  anionic  diet  group  did  have 
a lower  range  of  urine  pH  than  cows  in  cationic  group  (5.6  to  6.0  vs  7.0  to  7.6).  Typically, 
cows  fed  anionic  diets  show  lower  rumen  pH  and  this  causes  a mild  nitninal  ocidosia 
(Moore  el  al.,  2000;  OetacI  cl  al.,1991).  It  is  likely  that  in  cuirent  study,  anionic  diet 
resulted  in  decreased  rumen  pH  during  the  prepartum  period.  Lower  pH  in  Uic  rumen  has 
been  reported  to  decrease  rate  of  fiber  digestion  and  increase  filling  efTeci  of  the  diet, 
which  might  increase  distension  in  the  rcliculo-iuraen  (Allen  and  Menens,  1988). 
Consequently,  it  is  possible  that  lower  rumen  pH  immediately  afler  calving  due  to 
prepartum  anionic  diet  might  have  influenced  the  DMI  of  the  cowslhol  were  fed  the 
anionic  diel  prepaflum  and  caused  the  .slightly  lower  increase  in  DMI  for  the  cows  in  this 


group.  However,  the  di (Terences  in  DMI  for  tliccows  in  tlic  two  diet  groups  were  snuH 


of  milk  fever  among  loclaling  FriC5ian*(>pc  cows  is  less  tlian  7%  (Erb  and  Crohn,  I dgg). 


been  suggested  to  improve  Ca  metabolism  by  incieosing  intestinal  absoiption  of  dietary 
Ca  and/or  by  increasing  bone  Co  mobilization  (Block,  1984).  Cows  fed  anionic  diets  lend 


(Octzel,  I98S;  Goff  el  al.,  1991),  However,  in  the  current  study  no  elTcclon  scrum  Ca 
was  detected  due  to  pr^tarlum  feeding  of  an  anionic  diet.  More  recently,  dictaiy  K also 
has  been  shown  to  have  a role  in  the  incidence  of  milk  fever  (GolT el  al.,  1997).  Diets 
with  a high  K content  can  increase  the  risk  of  hypocalcemia  more  than  high  dietary  Ca 
during  the  last  weeks  of  the  prepanum  period.  For  example,  increasing  dietary  K from 
I .ISK  to  2.IK  Increased  the  incidence  ormilk  fever  lh>m  10.3  to  S0%  in  Jcisey  cows. 
Addition  of  strong  cations  to  preparlum  diets  causes  a metabolic  alkalosis  and  this 
suggests  that  bone  resorption  ofCa  is  inhibited  in  cows  fed  high  K or  Na  diels  because 
feeding  these  diets  results  in  increased  blood  and  urine  pH  (ColTel  al.,  1997;  Horst  etaJ.. 
1984),  In  the  current  study,  dietary  K was  calculated  to  be  1.02  % of  diet  DM  for  anionic 
and  1. 14%  of  diet  DM  for  caliooic  diet.  These  low  quantities  of  K in  the  diels  fed  might 
have  helped  cows  fed  cationic  diet  group  to  mainuin  scrum  conecntiaiions  of  Ca  al  an 
acceptable  level  ond  reduced  the  risk  of  hypocalcemia  (milk  fever). 

High  producing  dairy  cows  are  unable  to  consume  suiTIcienl  amounts  of  energy 
during  early  lactation  because  MY  usually  peaks  belween  5 to  7 wk  posipanum,  while 


Milk  fever  is  a common  metabolic  disorder  in  dairy  cattle  and  the  incidence  mic 


Manipulating  the  DCAD  below  zero  by  including  anionic  sails  in  prepanum  diets  has 


to  have  greater  circa 


i ofCa  than  cows  fed  cationic  dims  prepartum 
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maximum  DMI  Is  reached  between  3 la  22  wk  aRer  calving  (Ingvartsen  and  Andeiaen. 
2000).  Cows  often  need  lo  replenish  their  body  reserves  during  the  dry  period.  Thus, 
good  body  condition  (3.25  to  3.75)  at  calving  is  Important  to  high  producing  cows 
(Noceketal..  1033).  On  the  oUierhand.  ovcmondltioningisnot  needed  and  should  not 
occur  during  the  dry  period.  In  the  current  study.  BCS  of  cows  in  all  treatment  groups 
were  at  acceptable  levels  <3.45  - 3.S9)  at  calving  and  postpamim  DMI  was  correlated 
negatively  with  BCS  (P<0.000l;r=-0.0876).  it  was  reportod  that  postcalving,  cows  with 
higher  BCS  lose  more  condition  than  cows  with  tower  BCS  and  they  reach  positive 
energy  balance  faster  (Gamsworthy.  1983).  Increased  accumulation  oflipirls  inborly 
reserves  during  the  prepanum  period  down  regulates  DMI  (Brostcr  and  Broster,  1984). 
Moreover,  losing  weight  during  the  dry  period  increases  incidence  of  metabolic  diseases 
(CeriofTand  Herdi,  1984).  There  was  a positive  rclaUonship  between  prepattum  weight 
gainandthccxtenlarposipanum  inobilizalion  of  body  tissues  (IngvaiUen  et  al.,  1997), 
If  BW  gain  was  more  than  40  kg  dunng  the  dry  period,  this  caused  a depressed  feed 
intake  postpartum  and  caused  excessive  mobilization  of  body  tissue  (Ingvartsen  and 
Andersen,  2000).  Furthermore,  cows  with  higher  BCS  al  calving  lost  weight  longer  after 
calving  than  cows  with  moderate  BCS  (Ruegg  and  Milton.  1995). 

BCS  during  the  postpartum  period  (P<0.01;  rril.51 77).  This  supporls  the  view  that  BCS 

energy  reserves  of  cows  (Ruegg  and  Milton,  1995).  The  rale  of  BCS  loss  was  greatest 


BCS( 


CBlving.  Cows  reached  their  mlnlinuin  BCS  by  about  42  to  49  DIM.  These  results  were 
similar  to  those  reponed  earlier.  Ruegg  and  Milton  (1993)  described  a OJS  pobl  loss  in 
BCS  duruig  the  fust  week  afler  calving.  Pcdroii  el  al.  (1993)  reported  that  rccoveiy  of 
cows  that  hod  BCS  of  3.0  to  3.S  at  calving  slorted  at  10  wk  postpartum.  Moreover,  cows 
with  higher  BCS  at  calviog  (>3.S)  appeared  to  lose  BCS  fora  longer  period  of  time  (aSO 
DIM)  than  cows  with  lower  BCS  at  calving  (s3.2S;  30  DIMHCamswoithy  and  Jones. 
1987).  Energy  balance  is  most  negative  during  wk  I poslpartunt  (Harrison  ci  al..  1990). 
Thus,  the  BCS  loss  in  early  lactation  appears  to  be  rapid.  As  mentioned  above,  continued 
BCS  loss  Ihmi  SO  to  90  d was  reponed  (Rueggand  Milton,  1993:  Pedronetal..  1993). 

The  data  from  current  study  showed  greatest  BCS  loss  during  the  first  2 wk  postpartum 
and  cows  reached  their  minimum  BCS  by  6>7  wk  postpartum.  Thus,  no  negative  effect  of 
preparlum  or  postpartum  treatments  ofbST,  dry  period  length  or  prepartum  diet  treatment 
were  observed.  The  observed  the  mpid  Increase  In  postpartum  DM1  sbonened  the  lime  of 
postpartum  loss  in  BCS 

Conclusions 

Results  of  this  study  indicated  lhal  use  of  low  doses  ofbST  during  prepartum 
period  (d'28  to  Od)  caused  no  negative  or  positive  effect  on  the  treated  cows.  Cows 
treated  or  not  treated  with  bST  appeared  e<)ually  capable  of  replenishing  their  body 
reserves  during  early  posipnnum  period.  Injeclions  of  low  doses  ofbST  during  the  early 
lacialionld  I iod  60)  did  not  have  a ncgnlivc  or  positive  effeci  on  rate  of  increase  bi 
DM  I,  because  cows  had  Ihc  same  rate  of  mobilization  of  body  tissues  and  loss  of  BCS 
irre^cclivc  of  prepartum  or  postpartum  Irenlmenl. 


No  effa:ts  of  preparium  diet  treatments  were  observed  on  either  prepartum  or 
postpartum  DM).  BW  or  BCS.  No  ctinical  hypoctUcemia  was  observed  in  this  trial  and 
senun  concentrations  ofCa  before  and  after  calving  did  not  differ  in  cows  fed  anionic  and 
cationic  diets.  Thus,  there  were  no  obvious  advantages  to  support  view  that  anionic  diets 
should  be  fed  to  cows  during  the  close*up  dry  period  as  compared  to  a properly 
lormulaicd  cationic  diet  when  provided  K in  diet  was  regulated.  Serum  concentrations  of 
Ca  in  Holsieb  cows  during  the  current  trial  and  diet  fed  prepartum  had  little  or  no 
negative  or  positive  cITects  on  posipailum  DM1. 

Dty  period  length  did  not  have  a significant  effect  on  DM).  BWorBCS  of  the 
cows  prepartum.  Cows  in  the  shorter  dry  period  groups  were  able  lo  replenish  Iheir  BW 
and  BCS  as  well  as  cows  in  the  longer  dry  period  group.  Short  dry  period  cowsi-  304) 
gained  more  of  their  BW  and  BCS  while  they  still  went  lactating,  whereas  60  d dry  cows 
mostly  gained  BW  and  BCS  alter  drying  o^.  During  posiponum  period,  short  dry  penod 
cows  lost  less  BCS  postpartum  than  60  d dry  cows  and  had  more  DM1  os  BW.  Thus,  it 
might  be  advantageous  to  allow  cows  lo  replenish  Iheir  BCS  before  they  are  dried  off. 

In  conclusion,  it  appears  that  injections  ofbST  during  the  prepartum  and 
postpaitum  periods,  cationic  diet  during  prepartum  period,  or  shorter  30  d)  dry  periods 
had  no  negative  influences  Ihsl  caused  detrimental  effects  on  DMh  BW  or  BCS  changes 
or  health  problems  during  postpartum  period. 


CHAPTER  4 

IMPROVCNG  MILK  PRODUCTION  AND  HEALTH  OF  COWS  BY  SHORTENING 
THE  DRY  PERIOD  WITH  ESTROGEN.  AND  USE  OF  bST  DURING  THE 
TRANSITION  PERIOD 


The  locution  cycle  begins  with  o period  of  manunory  gloivl  development  followed 
by  laciogenesis.  Milk  synthesis  and  secielion  oceuin  afler  perturilion.  After  the  peak  in 
milk  production,  a declining  phose  follows  until  milk  removal  is  stopped  either  at 
weaning  or  due  to  the  management  practices  enforced  by  the  dtury  producer.  This 
lactation  cycle  of  the  female  continues  several  times  during  her  reproductive  life  (Hurley, 

called  the  dry  period.  This  dry  period  allows  remodeling  of  mammary  tissue  and  the 

Many  factors  must  be  considered  to  determine  the  appropriate  length  of  the  dry 
period  for  individual  covrs.  In  a genetic  and  environmental  study,  SehaelTer  and 
Henderson  (1 9721  examined  the  laclalion  records  of  Holslein  cows  in  Ute  New  York  area. 
They  concluded  that  age  and  month  of  calving  significantly  alTccicd  length  of  dry  period. 
O'Connor  and  Oltenacu  (1988)  included  parity,  month  of  calving  and  time  of  conccpiion 
as  factors  that  alTeel  qrtimura  lime  of  drying  off.  Dias  and  Allaire  (1982),  afler  analyzing 

decreased  as  Ihe  lactation  number  increased  from  first  through  fourth  lactations.  They 
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sTalcd  lhai  rows  wiUi  calving  imervals  grcalcr  than  365  d required  fewer  days  dry  lhan 
cowswilh  shorter  calving  intervals  except  those  in  first  lactation.  Effect  of  dry  period 
lengtlt  on  milk  yield  was  greater  for  youngor  cows  and  the  optimal  number  of  days  dry 
declined  from  65  to  23  d as  age  at  calving  increased  ftom  24  to  33  mo  in  the  sarrtc  study. 
They  also  staled  that  calving  interval  and  daily  MY  at  100  d before  calving  were 
significant  factors  affecting  total  days  needed  for  the  dry  period. 

Establishing  optimum  length  oflhe  dry  period  iscrilical  to  achieve  maximum 
milk  produclion  during  the  next  lactation.  Since  1936  many  observational  and 
experimental  data  have  been  generated  to  establish  an  optimal  drying  off  lime  for  cows. 
Fifly-five  to  60  d dry  period  length  has  been  recommended  based  on  the  fact  that  this 
would  maximlac  production  in  the  following  laclalion  (Coppock  et  al..  1 974;  Dias  and 
Allaire,  1932;  Klein  and  Woodward,  1943;  Schaeffer  and  Hrmderson,  1972).  Arnold  and 
Becker  (1936)  evalualed  Jersey  cows  with  diy  periods  of30  dor  less  (10  cows),  31  to  60 
d (54  cows),  61  to  90  d (45  rows)  and  91  d or  more  (56  cows)  preceding  the  lactation,  br 
their  study  a dry  period  of  3 1 to  60  d allowed  the  maximum  MV  in  the  subsequeni 
lactation.  Klein  and  Woodward  (1943)  survcytxl  1 139  laclalion  records  from  Dairy  Herd 
ImprovemenI  Associalion  (DHIA).  They  found  opiimum  dry  period  was  55  d for  cows 
yielding -5000  kg  of  4%FCM  with  12  mo  calving  interval. 

Smith  el  al.  (1967)  evaluated  the  cffeci  of  milking  ihroughoul  pregnancy  to  lime 
ofnexi  calvingcomparedioadry  periodof8lo9  wk  was  forcITccison  milk  yield  within 
the  same  cows . Two  quarters  oflhe  udder  of  2 cows  were  milked  continuously  while  the 
other  two  quarters  were  dried  off  for  - 60  d before  expected  calving.  The  quaders 
allowed  a dry  period  of  3 to  9 wk  produced  40%  more  milk  in  the  subsequent  lactation. 
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Swanson  (I96S)tKdi  anolher  approacti  and  used  five  pairs  ofidemical  Iwin  dairy  cows  to 
cvaluaic  the  need  for  Ihe  dry  period.  Orre  of  each  pair  of  idenitcal  twins  was  dried  ofT  to 
give  ac  leasi  on  e wk  dry  period,  whereas  other  pairmates  were  milked  cunlinuuiisly  for 

second  and  third  lacialiotts  was  75  and  62%  ofdte  control  twins  Ihsihud  -dOddry 
peried.  Results  of  both  studies  indicated  that  Ihc  manunary  gland  bcoefilicd  front  a dry 

To  evaluate  the  effects  of  dry  period  length  on  later  milk  production,  Coppock  el 
al.  (1974)  conducleda42  mo  field  trial.  Cows  (n=IOI9)  were  assigned  lo  Intalntentsof 
20, 30, 40, 50  and  60  d dry  periods.  Dry  period  lengths  were  allowed  to  have  xIOd  range 
in  each  group;  305  cows  compleied  the  42  mo  study.  Cows  that  averaged  less  than  a 40  d 
dry  period  produced  450  to  680  kg  less  milk  in  ihe  subsequent  lacltuion  compared  to 
cows  having  dry  periods  of  40  d or  longer.  Cows  with  40  d dry  period  produced  as  much 
milk  as  cows  in  SOd  diy  pcriisd.  When  ctrws  in  shorter  dry  period  groups  were  allowed  to 
have  longer  dry  periods  during  the  ncxi  leclation,  no  carry  over  cffecl  was  observed. 

SchaefTerand  Henderson  (1972),  in  a survey  based  anaiysis.  reported  that  cows 
with  dry  periods  of50-59dhad  the  highest  production  in  Ihe  subsequent  lactation.  Yet, 
average  milk  production  for  40  to  49  and  60  to  69  d dry  periods  did  not  difTcr 
significantly.  In  another  study.  Funk  et  al.  (1987)  analyzed  data  eollecled  for  6 yr  from 
over  84,000  cows.  They  concluded  that  covra  ^ven  dry  periods  longer  than  70  d produced 

produced  signilicanlly  loss  (-459  kg)  In  the  subsequent  lactation 


In  a more  r«c«nl  inudy.  Sorensen  and  Envoldsen  ( 1991 1 evalunled  Ihc  elTecI  of 
differenidiy  periods  on  subsequent  milk  yield.  Cows  were  dried  offal  4,  7orl0wk 
before  expected  calviriB.  They  found  a decrease  in  yield  of  2.8  kg  of  4%  FCM/d  when  dry 
period  length  was  decreased  from  7 to  4 wk^  whereas  there  was  a 0.4  kgtd  increase  in 
milk  production  when  dry  period  was  increased  from  7 to  10  wk.  In  contrast  to  the  study 
by  Dins  and  Allaire  (1982).  Sorensen  and  Envoldsen  (1991)  failed  to  detect  on  Interaction 
between  the  dry  period  length  and  lactation  number.  In  another  study.  efTects  of  days  dry 
on  milk  yields  ofHolsteiiis  Irom  Zimbabwe  and  North  Carolina  were  evaluated  (Mnkuaa 
and  McDaniel.  1996).  In  their  study  first  (n=l  1583).  second  (n=7l43)  and  third  (n=6l02) 

effects  on  milk  yield.  Milk  yields  of  cows  dry  for  30-39, 4(U9  and  S0-S9  d were  610. 633 
and  202  kg  less  than  for  60  d dry  periods.  On  the  other  hand,  linle  advantage  was 
observed  for  dry  periods  longer  than  60  d. 

The  dry  period  length  is  very  important  because  it  is  directly  rehtted  to  subsequent 
milk  production  and  irtcome.  During  the  dry  period  mammary  gloruls  undergo  a number 

lactation.  The  time  perirod  needed  for  involution  is  the  major  factor  determining  the 
opiimumlenglhofihedryperiod.  This  is  a very  important  topic.  Yet.  few  studies  have 
been  completed  and  published  to  evaluate  the  problem.  Noncxperimenlal  and 
experimental  date  suggested  thai  7 to  10  wk  dry  periods  were  necessary  to  maintain 
maximal  production.  Thus,  it  is  important  to  understand  the  changes  that  occur  during 


After  frequeiu  periodic  milk  removal  from  Ihc  mammaiy  gland  is  disconiinued, 
ihe  individual  mammary  glands  undergo  involulion.  Three  types  of  involution  have  been 
described  (Lascelles  and  Lee,  197S).  Gradual  involulion  occurs  during  Ihc  declining 
phase  oflaelorion  after  die  peak  milk  yield  has  been  mached.  Initioled  involution 
describes  regression  of  the  lactation  ftinetion  with  sudden  cessation  of  milk  removal, 
either  natural  or  indicated  by  the  daily  pitrduccr.  Finally,  senile  involution  occurs  at  the 
end  of  the  reproduclive  life  of  the  animal. 

Initiated  involulion  of  mammary  glands  occurs  after  cessation  of  milking. 
Regression  of  mammary  secretory  tissue  accompanies  dramatic  changes  in  secretion 
composition  during  the  transition  tram  lactation  to  a non*functional  gland.  As  described 
above,  it  has  bmi  shown  that  dairy  cows  require  a nonloctating  period  prior  to  the  nest 
lactation  to  achieve  maximal  milk  production  during  that  lactation  (Coppock  ei  al..  1974). 
Adequate  proliferation  and  differeniiaiion  of  mammary  secretory  epithelium  during  the 
nonlactating  period  are  essential  for  optimal  secretory  function  during  the  subsequent 
lactation  and  duration  of  the  nonlacuiing  interval  Is  related  sign!  ficanlly  lomrik 
productient  (Akers  and  Nickcison,  1983).  Smiih  and  Todhunter  (1982)  suggested  that 
there  are  ihree  important  stages  during  a typical  dry  period.  The  lirst  slage  isoneofaclive 
involution  which  begins  with  cessation  of  mi  Iking  nnd  is  completed  within  21  to  28  d. 
This  stage  is  characterized  by  engorgement  of  cisternal  ^oces.  ducts  and  alveoli  with 
milk  coastituents,  gradual  changes  in  mammary  secretion  composition,  and  regression  of 
mammary  tissue.  The  second  slage  is  that  of  steady  stole  involulion  representing  fully 
involuted  mammary  gland.  The  (Inal  stage  represents  colostrum  formation  and  initiation 


oflaclalioii  which  begins  about  )4d  before  parturiiion.  Near  parturiiioriv  mammary 
glands  undergo  significant  changes  characterized  by  intense  growth,  rapid  difTetemislion 
of  secretory  epithelial  cells,  and  synthesis  and  secretion  of  proteins,  fat  and  carbohydrates 
leading  to  accumulation  of  colostrum.  Thus,  occording  to  this  view,  a 45  to  60  d dry 
period  would  represent  an  active  period  of  involution  until  the  involution  phase  was 
completed,  followed  by  redevelopment  of  mammary  gland  beginning  21  lo  28  d prior  to 
parturition  (Hart  and  Momnt,  1980;  Nickerson  and  Akeia,l984). 

Much  of  the  information  on  involution  has  been  based  on  research  conducted 
using  labomtory  animals.  In  rodents,  continuous  milk  producllon  during  loctnlion  is 
dependent  upon  a complex  inierplay  of  lactogenic  hormones  and  the  suckling  stimulus 
exerted  by  the  young.  Involution  can  be  initialed  in  the  mouse  mammary  gland  at  any 
sisgeof  lactation  byremoving  the  pups  (Richards  and  Benson.  1971).  Cessation  of 
milking  causes  accumulalion  of  milk  In  alveoli  and  ducts,  and  this  increases 
inimmammary  pressure  that  causes  degeneration  of  secretory  cells  and  subsequent 
disruption  of  alveolar  and  lobular  structures.  In  ml.  involution  is  associated  with  a 
massive  engorgement  of  the  gland  with  milk  followed  by  apoptosis  of  secretory  epithelial 
cells  and  destruction  oflhe  gland.  Involution  remains  reveisible  for  about  30  to  36  h after 
it  has  been  initialed  (Richards  and  Benson,  1971). 

After  weaning,  the  decline  in  lactogenic  hormones  nnd  milk  stasis  leads  to 
involution.  8 process  that  is  mainly  chomcleri  zed  by  Ihree  events:  (i)  downregulution  of 
milk  pioicin  gene  expression,  (ii)  loss  of  qiilhelial  cells  by  apoplosis,  and  (hi)  tissue 
remodeling  and  preparslion  of  the  gland  for  a new  lactation.  Each  of  these  processes  is 
likely  to  depend  upon  the  activity  ofspecilic  scisoflranscriplion  faciora  in  the  mammary 


epilheliuRi  smJ  siroma  that  ensure  the  timely  and  spatially  caordinated  expression  of 
critical  gene  products  (Marti  et  al.,  2000). 


!n  the  maminary  gland,  secretory  epithelial  cells  are  removed  by  apoptosis  during 
involution.  A number  of  transcription  factors  were  found  to  control  apoptosis.  These 
include  c-Fos,  c-Jun  (Colotta  et  al.,  1992),  p53  (Yonisti-Rouacti  el  al.,  1991),  E2F  (QInei 
al.,  1994),  M>c/Max  (Aiiiati  el  al-,  1993)  and  STAT3  fUu  cl  al.,  1996).  STAT3  was 

activation  was  characterired  by  removal  of  epithelial  cells  by  apoptosis  (Liu  et  al..  1996; 
Walker  et  al,  1989).  STATI  also  is  activated  during  latter  sUges  of  involution  when 
there  is  remodeling  ofthc  mammary  gland  (Liu  el  ai.  1996).  The  timely  breakdown  of 
extra-cellular  matrix  is  essential  for  remodeling  (Nagase  and  Woessner.  1999).  Tbeoell 
loss  coincides  with  msirix  meialloprotcinase  (MMP)  activslion  and  basement  membrane 
degradation  in  rats. 


Using  in  v/rro  culture,  it  was  demonstrated  that  Hrsl  passage  epithelial  cells 
isolated  ^om  pregnant  mouse  mammary  gland  die  by  ^toptosis  (Pullan  etal.,  1996).  On 
the  other  hand,  cell  death  was  suppressed  by  basement  membrane  suggesting  the 
requiremenl  of  basement  membrane  tor  cell  survival  (Pullan  ct  id,,  1996).  In  Ihe  same 
experimeui,  blocking  of  integrin  with  anli-bclo  I inlegrin  antibody  doubled  the  rate  of 
apoptosis,  whereas  expression  of  BcI-2  did  not  correlale  with  cell  survival.  However, 
incrensed  levels  ofBax  were  associated  with  apoptosis.  Thus,  basement  membrane 
provides  a survival  stimulus  forepilhclial  cells  in  vivo  and  lossofinleroclion  between 
cells  and  this  type  of  matrix  may  act  as  a conirol  point  for  coll  deletion  during  mammary 
gland  involution  (Pullan etal..  1996). 


162 

In  ibU  mouse  and  mbbii,  auiophsgocytic  and  heterophagocytic  mechamsma  play  a 
very  imponani  role  in  (issue  degeneration  during  mammary  involution  (Holst  el  al.. 

1987}.  Formation  of  lysosomcs  and  structures  eontoi  (ling  cytoplasmic  o^anelles 
(cytosegrosomes)  have  been  interpreted  as  evidence  oroutophegocylosis  ofalveoiar  ceils. 
This  often  was  accompanied  by  dissociation  of  epithelial  cells  from  (he  basement 
membrane  (Richards  and  Benson.  I97Ia),  whereas  infrliration  ofmononucleartcuhocyles 
into  involuting  tissue  has  been  associated  with  hctcrophagocytosis  of  degenerating  cells 
and  cellular  debris  (Richards  and  Benson.  197 1 b>.  Thus,  involution  in  (he  rodent 
mammary  gland  is  distinguished  by  the  separation  of  epithelial  cells  from  the  basement 
membrane  and  extension  of  myoepithelial  cells  to  fill  Ihe  gaps  left  by  the  discarded 
epithelial  cells  (Holster  ah,  1987), 

Ruminant  mammary  epithelial  cells,  on  the  other  hand,  apparently  do  not  regress 
to  (he  same  extent  as  occurs  in  rodent  mammary  glands.  They  appear  to  loaintain  some 
synthetic  and  secretory  activity  througltout  the  nonlactating  period.  This  conclusion  is 
based  upon  conditions  of  mammary  involution  in  dairy  cows  that  generally  are 
considerably  differcnl  from  labomloiy  species  (Holm  el  ah,  1 987;  Sordillo  and  Nickcruon, 
1988).  Dairy  cows  still  arc  producing  large  quantities  of  milk  and  most  often  they  arc 
pregnant  at  Ihe  lime  of  milk  cessalion  by  initiated  involution  or  subpage  of  milk  removal 
(Oliver  and  Sordillo.  1989).  Even  in  the  obscnce  of  pregnancy,  mammary  involution  io 
daily  animals  occurs  at  a slower  rate  than  in  rodents  (Li  dal..  1999).  Alveolar  structure 
is  maintained  for  several  weeks  and  lactation  can  be  reinitiated  aherdwkormore  of 
involution.  Although  apoptosis  in  the  mammary  tissue  of  ewes  appears  to  be  initialed 
within  a similar  time  fnimclo  that  in  rodents,  beginning  about  2 d aher cessation  of 


milking  or  poslwcaning  with  apeak  al  about  4 d.  the  maximum  proportion  orapcplotic 
epithelial  cells  oppears  to  be  less  than  in  rodents,  and  apoptosis  may  be  accompanied  by 
on  initial  increase  in  cell  prolifemlion  {Capuco  and  Akers,  19991.  Alveolar  stnicrure  of 
cows  is  largely  maintained  and  little  or  no  loss  of  cells  occurs  with  cessation  of  mi  Iking. 
On  Ihc  oiher  hand,  there  is  increased  apoptosis  ond  cell  ptolifetalion  in  fm^ly  dried  off 
mammary  glands,  relative  lo  thot  in  loclating  glands  during  the  same  stage  of  gestation. 
Thus,  it  appears  ihat  a nonlociating  period  serves  to  promote  cell  turnover  prior  lo  Ihc 
next  lacuuion  (Capuco  and  Akers,  1999).  In  contrast  to  the  view  that  suggests  an  active 
involution  process  during  dry  period  requiring  49  to  60  d in  dairy  csrws  (Smith  and 
Todhiinter.  1982),  more  recent  studies  (Capuco  el  al„  1997;  Capuco  and  Akers,  1999;  Li 
el  al.,  1 999)  imply  that  the  dry  period  is  important  for  replacement  of  damaged  cells 
before  the  next  lactation  starts  but  not  for  extensive  degeneration  of  mammary  gland 
structure  artd  ^ptosis.  This  suggests  that  45  lo  60  d dry  period  may  not  be  the  optimal 
lime  interval  for  maximum  production  of  dairy  cows  and  Ihat  the  length  of  the  dry  period 
maybe  shortened  without  a negative  cffeci  on  the  cow's  subsequent  lactation 
performance. 

Sordino  and  Nickerson  (1988)  examined  the  morphologic  changes  in  the 
mammary  glands  of  5 cows  during  mammary  involution.  Mammary  lissue  samples  were 
obtained  weekly  beginning  Ihc  day  milking  was  discontinued  through  next  panurition.  As 
involution  progressed,  a gradual  reducuon  in  synthetic  and  secretory  activity  of  alveolar 
epithelium  was  noled  under  li^l  and  eleclron  microscopic  evaluation.  During  the  fim  2 
wk  of  involution  they  observed  increased  stroma  and  nonoelivc  scoraory  epithelium  with 
concomitant  decreases  in  epithelium,  lumen,  and  fully  rrelive  sccrelory  epithelium.  'There 
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was  a decreased  number  of  organelles  associated  with  milk  synthesis  and  secretion  at  the 
alveolar  cpithcliiun  level.  These  ehanges  were  gradually  reversed  beginning  2 wk  before 
parturition  and  by  the  time  of  calving  occurred  cell  siniciurc  was  typical  of  the  lactating 
mammary  gland. 

Free  fatty  acid  levels  in  milk  increased  mote  than  lO'foldin  cowsduring 
mammary  involitlion  (Thompson,  1983).  Their  appeamnee  did  not  immediolely  follow 
tbe  cessation  of  milking  but  followed  the  increase  in  permeability  of  the  mammary 
epithelium  which  paralleled  changes  in  the  electrolyte  content  of  the  milk.  However,  the 
concentration  of  free  fatty  acids  did  not  remain  high  throughout  the  dry  period  but 
declined  to  low  levels  before  the  change  in  permeability  was  revetsedai  the  next 
parturition.  They  concluded  thatlhe  high  level  of  free  fatly  acids  in  milk  during  mammary 
involution  most  likely  arises  from  bntakdown  of  triglycerides  remaining  in  the  gland  and 
this  may  be  accelerated  in  some  munnerby  Utc  increase  in  pcrmcsbililyofthe  mammary 
epithelium  (Thompson.  1938). 

(.octating  gland  morphological  studies  in  goat  by  Li  et  al.  (1999)  showed  tightly 
packed  secretory  alveoli  with  columnar  shaped  alveolar  cells  that  retained  a large  apical 
secretory  vesicle.  Scooiory  alveoli  were  separated  by  small  amounts  of  inlerslitial 
connective  tissue.  Ailer  drying  olT.  the  unmIlked  gland  showed  a lacialing  morphology 
for  3 d with  reduced  number  of  alveolar  cells  and  more  Intralobular  stromal  tissue  around 
the  alveolus.  However,  less  than  16^  of  alveolar  cpilhclial  cells  underwent  apoptosis  as 
determined  by  both  presence  ofTUNNEL-posiljve  cells  and  DNA  fragmentation  in  tissue 
extracts.  The  lumen  of  unmilked  alveoli  contained  residual  secretion  and  polymorphic 
neutrophils  that  inhUmled  Ihe  parenchyma.  Morphology  of  the  unmilked  gland  changed  7 


d ifict  milk  removal  ceased.  Alveolar  cells  lost  iheir  columnar  shape  and  the  cytoplasm 
contained  a large  apical  vesicle  with  a compressed  ill-denned  nucleus.  Apoplic  bodies 


the  second  week,  the  myoepithelial  cells  were  pronounced  and  formed  a band  around 
each  alveolus.  Body  defense  cells  were  present  among  the  stnicturaJly  deficient  alveolar 
cells  which  had  Indistinct  cell  membranes  with  an  intensely  stained  pyknolic  nucleus. 
Apoplic  celt  rate  was  estimated  to  be  S%.  Three  weeks  aHer  the  cessation  of  milking, 
fibrocollagenousllssue  separated  Ihe  ducts  and  ductules.  Apoplotic  bodies  were  present 
in  most  ductal  structures  in  and  around  Ihe  mammary  parenchyma  with  masses  ofbody 
defense  cells.  In  this  study  (Li  etal..  1999),  apoptosis  was  not  limited  to  the  dry  glands. 
Infrequent  TUNNEL-positive  cells  and  low  level  ofDNA  fragmenlation  also  were 
observed  in  milked  glands  suggesting  apoplic  cells  couM  have  accounted  for  the  net 
decrease  in  mammary  cell  numbem  of  Ihe  goal  during  declining  lacuiion. 

CapucD  el  al.  (1997)  concluded  that,  in  conirast  to  rodents,  no  net  loss  of 
mammary  cells  occured  during  the  dry  period  in  dairy  cows.  In  their  expenmenu  dry  and 
lactaiing  cows  were  sacrificed  on  days  corresponding  to  dilTerenl  number  of  days  Into  Ihe 
dry  period  and  mammary  tissues  were  sampled  for  lotal  DNA  and  RNAund 
moiphoiogical  analyses.  Neither  parenchymal  wetghi  nor  DNA  conleni  dilTered  in  glands 
oflactatlngordry  cows.  Seven  days  into  the  dry  period,  DNA  content  was  identical  in 
glands  of  dry  and  lactaiing  cows  and  subsequently  increased  more  rapidly  in  dry  glands 
than  in  lactating  glands.  More  epithelial  cells  (96%)  were  labeled  with  [’H]Tdr  in  dry 
glands  than  in  lactaiing  glands  (86%).  Based  upon  morphology,  62%ofepitlreliaJ  cells  in 
lactaiing  glands  contained  secretory  vesicles  and  lipid  droplets  and  these  were  not 


cells  (2-3%  of  alveolar  cells)  within  some  alveoli.  During 


alTeoled  by  dey  of  gesuiion.  Howcvei,  if  cows  had  been  dty  for  7 d,  25%  of  epithelial 
cells  appeared  to  be  secretory.  At  35  d prepartum  (eowsdry  for2S  d|.  rone  of  the 
epilhelial  eells  were  secretory.  Cells  showing  secretory  aetiviiy  increased  to  78%  and 
98%  aher  d -35  arul  d-7,  respectively.  They  concluded  that  processes  ofprolileration  and 
cell  turnover  seemingly  irKreased  the  percentage  of  epithelial  cells  in  dry  mammary 
glands  prior  lu  panuriiion  (Capuco  el  al.,  1997} 

Earlier  studies  suggested  that  along  with  the  changes  in  composition  of  mammary 
secrelions,  mammary  gland  was  fully  involuted  during  the  steady  stale  involution  phase  in 
cows  (Smith  and  Todhunter.  1982).  Ouringthis  process,  it  was  believed  that  lotoJ 
destruction  of  the  gland  occurred.  Kowever,  as  a result  ofmore  recent  studies,  it  has  been 


occur  in  the  bovine  mammsry  gland  during  the  dty  period.  Current  results  do  not  support 
a net  loss  of  mammary  cells  during  the  eharoclcrisiic  60  d dry  period  in  dairy  cows 
(Capuco  el  al..  1997),  Apparently,  ihe)>ovjne  mammary  gland  does  not  degenerate  to  the 
virgin  slate  as  il  does  in  rodents  during  the  dry  penod.  The  relemion  of  alveolar  structures 
still  can  bo  seen  30  d following  mills  stasis  (Capuco  el  al..  1997;  Holst  el  al..  1987). 
Rather,  it  has  been  suggested  that  the  dry  period  is  necessary  to  allow  replacement  of 
damaged  or  senisceni  epithelial  cells  prior  lo  the  succeeding  lacialion  (Capuco  et 
al.,  1 997).  Because  mummaiy  gland  completed  imoluiion  by  25  d dry  (Capuco  ei  al.. 
1997).  it  may  not  be  necessary  to  have  60  d dry  period  in  dairy  cows.  Thus,  il  is  possible 
[hut  the  dry  period  could  be  shortened  to  30  to  35  d without  an  elTect  on  subsequent  milk 
production.  However,  this  conclusion  implies  that  they  have  regained  adequate  BCS  and 
replenishment  ofbody  tissue  reserves  that  will  he  needed  during  the  subsequent  lactation. 


I is  an  inappmpriotc  term  to  describe  changes  that 
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Throughoul  lacuuion.  milk  conuins  a mimberorproicases  such  as  leukocyte 
derived  proteases,  milk  acid  protease  and  plusmin  (Aslant  and  Hurley,  1996).  Plasmin  has 
been  implicated  in  Ihe  dcstnicUvc  phases  during  gradual  involution  because  most 
pmteolytic  activity  found  in  milk  is  stimulated  by  plasmin  (Polibs  el  al..  1 989).  Plasmin 


single  polypeptide  cltain  of  the  inactive  proenayme  plasminogen  (Andersen  el  aU  1990). 
Plasmin  generation  in  the  estiacelluiar  space  is  initialed  by  cellu)ar  release  of  the  single- 


responsible for  degradation  of  fibrin  (Thoiscn  et  aU  1984).  Components  of  the  plasmin 

cream  phases  of  milk  (Polilisei  al..  1992).  Plasmin  appears  to  be  responsible  lor 
fibrinolysis  and  thrumbolysis,  as  well  as  for  biological  processes  involving  breakdown  of 
cellular  malrix  and  basement  membranes  such  as  cell  migration,  invasion,  organ 
involution,  tissue  remodeling  and  destruction  (Akers  ei  ah,  1990). 

The  plasmin  system  is  believed  to  have  a role  in  Ihe  mammary  gland  during 
involution.  Plasmin  and  its  inactive  zymogen,  plasminogen,  are  two  of  the  several 
signiOcant  proteases  in  bovine  milk  (Eigel.  1977).  Plasmin  in  bovine  milk  exists  mainly 
in  its  inactive  form.  Plasminogen  aclivalors  in  milk  convert  plasminogen  to  plasmin  (De 
Riiam  and  Andrews,  1932).  Stage  of  lactation  affects  pltumin  with  laielaciabon 
associated  with  higher  conecmralions  of  plasm  in  (Pohlis  el  ah.  1989).  Potential 
mechanisms  responsible  for  increased  milk  plasmin  include  an  inflow  of  plasminogen 
from  blood  (Polilis  and  Hang.  1989).  In  the  rodent  mammary  gland.  PA  converts 


I is  formed  by  cleavage  of  a peptide  bond  in  the 


chain  forms  of  the  plasminogen  activators  (PA)  and  their  subsequent  i 


plasminogen  lo  plasnin  during  laic  lacialion  and  this  is  associated  with  the  onset  of 


involution  (Osaowki  et  al.,  1979),  Activation  of  plasminogen  in  bovine  milk  increases  as 
iactatioQ  progresses  and  plasminogen  activity  increases  further  by  d 3 ader  drying  olT 
(Politis  et  al..  1990).  Elevated  plasmin  activity  during  involution  of  the  bovine  mammary 
gland  is  responsible  for  increased  hydrolysis  of  casein  and  lactoferrin  and  protease 
activities  other  than  those  of  plasmin  do  not  seem  to  play  a major  role  in  protein 
hydrolysis  during  involution  (Aslant  and  Hurley.  1998).  It  has  been  suggested  that  the 
increased  plasmin  activity  seen  during  Isle  lactation  may  be  iovolved  in  subsequent 
mammary  gland  involution  (Politis  et  aU  1990)  and  estrogen  accelerated  plasmin  activity 
in  the  mammary  gland  (Alhiectal..  1996). 

Increased  plasmin  and  PA  in  milk  are  correlated  during  the  declining  phase  of 
lactation.  It  has  been  suggested  that  mammary  gland  involution  can  be  partially  reversed 
bybST  ndminisrnirion  via  modulation  of  the  plasmin-plasminogen  system  (Politis  et  al., 
1990).  Tmatmcni  with  bST  interferes  with  conversion  of  plasminogen  to  plasmin  and  this 
prevents  the  increaseofplnsmin  in  milk  (Politis,  1996).  Baldi  (1999) studied  the  efTeci of 
bST  treatment  on  the  plasminogen  system  in  late  lactation  daily  ewes.  Even  though 
plasmin  level  was  not  affecled,  Ihcrc  was  a significant  reduction  in  plasminogen  acUvily 
in  these  bST  treated  ewes.  Moieovcr,  Ihcplasmintplasminogen  ratio  decreased  in  treated 
ewes,  suggesting  a retardation  of  conversion  ofpla.smi  nogen  to  plasmin  in  those  animals. 

It  has  been  suggested  that  bST  may  preserve  the  integrity  of  tight  Junctions  in  late 
lactation  because  the  plasminogen  in  milk  is  derived  mostly  Irom  Ihc  blood  (Baldi.  1999) 


Molgrials  and  Mclhods 

The  second  phase  of  Iho  study  reported  in  Chapter  3 was  designed  to  evaluate 
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concentrations  of  hormones  (ST  and  (NS),  growth  factor  (IGF-[)i  and  metabolites 
(glucose  and  NEFA)  in  plasms  of  dairy  cows  during  the  period  beginning  2S  d before 
parturition  and  extending  through  23  d postpammi.  Blood  samples  were  collected  fmm 
80  Holstein  cows  from  the  research  herd  at  the  DRU.  DistHbulion  of  experimental 
animals,  managemenl,  feeding  program,  drying  off  times  and  bST  injections  were 
described  in  detail  in  chapter  3,  Plasma  harvested  from  blood  samples  collected 
Ihrou^out  the  experiment  were  frozen  at  - 20  until  analyzed. 

Milk  Samnles 

Milk  samples  were  collected  weekly  during  three  consecutive  milkings  (03:36. 
13:00,  and  01:30h)  on  someday  of  the  week  for  analyses  of  mi  Ik  const!  luenkt  during  the 
Erst  10  wk  of  lactalion.  Samples  (50  ml)  were  analyzed  for  fai.  proleln  and  SCC  conlents 
at  Southcasi  Milk  Laboraiory,  Inc.  (Bcllevicw.  FI).  Milk  yield  was  recorded  at  each  daily 
milking  from  3 d Oder  parlurilion  through  ISO  d posiparlum. 


Blood  samples  were  collected  fmm  the  tail  vein  of  all  cows  three  limes  weekly 
before  the  a.m.  feeding  or  milking  (07:30-10:00  h>.  Cows  were  bled  from  Ihe  tail  vein 
in  the  free-stall  bam  aher  elevating  Ihc  tail  withoul  any  other  restminl.  For  blood 
collection,  Vacutainer&  brand  needles  (2.54  cm;  20  gauge)  and  rubes  conlaining  sodium 
hepann  were  used  (10  x 100  mm  blood  collection  tubes,  Bccton-Dickinson.  Fairlawn, 
NJ).  Blood  samples  were  placed  on  ice  immediately  adcr  collection  and  processed  within 


2 h.  The  order  in  which  cows  were  sampled  on  a given  day  was  random  and  dilTcred  from 
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bleeding  to  bleeding.  After  sampling,  cows  were  milked  and  then  returned  to  Ihc  fmC' 
suill  bam. 

All  samples  of  blood  were  centrifuged  at  3000  RPM  at  5*C  for  30  min  in  the  RC* 
3B  refrigemled  centrifuge  (6<place  swinging  baskeu  H.600A  rotor,  SorvaJl  Instruments, 
Wilmington.  DE)  to  sepsrsle  plasma.  Plasma  from  each  sample  was  aliquoled  into  2 
labeled  5 mL(7Sxl2  mm)  polypropylene  lubes,  capped,  and  froaeit  at  -20'C  until 
analyzed.  The  plasma  samples  were  used  for  analysis  of  ST,  INS.  IGF-I,  glucose  and 
NEFA. 

Second  Aim  body  Preoarnlion 

Second  antibody  for  use  in  radioimmunoas.says  was  prepared  in  four  Florida 
Native  sheep  managed  at  the  DRU.  Guinea  pig  gamma  globulin  <20*23  mg.  Sigma 
Chemicol  Co.  St  Louis.  MO.  R-9l3S)and  30-40  mg  of  rabbit  gamma  globulin  (Sigma 
Chemical  Co.  St.  Louie,  MO.  # R-9 1 33)  were  weighed  into  separate  25  raL  Ericnmeyer 
llosks.  then  5 tol5  mL  of  distilled  water  were  added  to  each.  After  protein  had  dissolved 
on  equal  amount  of  Freud's  complete  adjuvant  (1"  injeebon  only)  orincompleie  adjuvant 
(2*'  and  greater  injectionsl  was  added  to  each  llask  and  it  wos  mixed  in  e micrablendcr 
for  about  1 min  on  high  speed  until  the  mixture  had  Ihc  consistency  of  whipped  cream. 
Sheep  were  injected  over  the  shoulder  on  holh  left  and  right  sides  with  about  S mL  of  a 
mixture  ofihe  two  proteins.  After  14  d.  each  was  bled  from  fhejugular  vein  to  obtain 
about  400mLblood.  This  was  done  using  a 16-gauge  bullerflynecdlc  insetted  Into 
jugular  vein;  a 60  cc  syringe  was  attached  to  the  nibmg  attached  to  the  needle  to  withdraw 
the  blood.  Blood  was  transferred  to  40  mL  screw-top  centriluge  tubes  and  placed  on  ice 
assoonasilwascollcctixl.  Tubes  then  were  refrigerated  for  24  h at  4 'C  lo  allow  blood 
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10  clot.  The  cloned  blood  was  cenirifuged  oi  5000  R?M  for  30  min  in  iheRC*3B 
refrigeraied  cenirifiige  (6-place  swin^ng  basket,  H.600A  roior,  Sorvall  Insnumenis, 
Wilminglon,  D£)  loobiain  senim.  Serum  was  fnazen  unlit  used  in  assays  as  the  second 
antibody  nl  approphale  dilutions.  Sheep  were  bled  again  at  4 wk  or  greater  intervals. 
They  were  reinjected  with  mixture  of  gamma  globulins  at  about  4-6  mo  intervals. 
Radioimmunoassays 

Double  antibody  radioimmunoassay  procedures  were  used  to  determine 
concentrations  oflNS,  ST,  and  IGF-I  in  plasma.  All  samples  from  individual  cows  were 
assayed  in  duplicate  in  a single  assay, 
lodination  and  Protein  Senaration 

Bovine  [NS  (100-300  pg;  Sigma  Immunochemicals.  St.  Louis,  MO;  #S2F-04S3) 
was  weighed  and  mixed  with  on  equal  quantity  of5  inM  HCI  Then,  an  equal  amount  of 
0.01  M borate  bunbr  (pH  8.0)  was  added  to  the  solution  to  ^ve  a final  concentration  of 
0.5  pg  INS /pL  buffer;  10  pL  of  this  solution  were  frozen  in  microcentrtluge  vials  (Fidier 
Scientillc.  1.0  mL.  fiat  lop) 

The  column  used  to  separalc  the  iodinaied  protein  from  free  iodine  was  prepared 
byeuttingofTihe  mouthpiece  ofa  disposable  10  ml  glass  pipette.  A small  glass  wool 
plug  or  glass  bead  was  placed  into  Ihe  column  before  adding  the  Sephodex  G-SO  packing 
(Sigma  Chemical;  dispersed  in  0.01  M phosphate  buffer,  pH:7,5)  until  the  Sephadex 
filled  the  column.  Subsequently,  Ihe  column  was  washed  with  2 raLO.5  M phosphate 
bulTerwhichcoinlainedO.SV.BSA  followed  by  10  mLofO.OI  M pho^holc  buffer. 
Phosphate  buffer  was  rclained  al  Ihc  lop  of  Ihe  Sephadex  bed  until  used  for  separalion. 


Linmediaicly  priono  ihe  iodinalion,  3 mg  chlommine'T  and  3 mg  sodium 
mctabieuldie  were  weighed  into  individual  lubes  and  just  prior  u>  use  each  was  dissolved 
in  1 mL  ofO.S  M phosphate  bufTer.  Then,  I mCi  <10  pL)  I'^'was  transferred  to  a 
borosilicale  tube  <12  x 7S  mm)  containing  10  pL  INS  and  then  10  pLofO.5  M phosphate 
buffer  were  added.  AOer  mixing.  ID  |iLorch)oramine*T  were  added  to  Ihe  reaction  lube, 
conlenls  were  mixed  with  finger  lapping  for  20  sec  afler  which  10  pL  of  sodium 
melabisulfile  were  added  to  stop  the  reaction.  Sequeniially,  the  solution  containing  INS- 
jui  was  transferred  to  the  lop  of  Ihe  Sephadex  column,  the  reaction  tube  was  nnsed  with 
50  pL  ofO.OIM  phosphate  buffer  and  this  also  was  transferred  to  the  top  of  Ihe  column 
and  allowed  to  flow  into  the  Sephadex  bed. 

Borosilicale  lubes  (15  x 1 00  mm),  numbered  I'dO,  that  contained  500  pLofOS 
M boraie-BSA  buffer,  were  used  to  collect  20  drop  fractions  using  a fraction  collector 
(model  FC*80  K micro  fractionation.  Gilson  Medical,  Middleton.  W[).  The  fractions 
collected  were  mixed  by  Unger-Iapping . then  10  pL  of  each  ciuted  fraction  were 
transterred  to  a second  sel  of  tubes  <12  x 75  mm)  to  identify  radioactive  peaks  by 
couniing  radioactivity  using  a Tracor  Analytic  Gamma  Counter  (Nuclear-  Chicago, 
Gamma  Trac  1191.  C.D.  Searlcand  Co..  Des  Plaines.  IL).  Tubes  from  Ihc  first  large 
peakcoirespomlingial'“  bound  INS  were  saved  and  stored  at  4'C  until  used  in  Ihc 
radioimmunoassays. 
lOF-l 

One  vial,  containing  I pgofIGF-I  <0.1  pgf  pL).  was  allowed  to  thaw  at  room 
temperature.  The  mouthpiece  ofa  10  mL  disposable  glass  pipette  was  cut  off  with  a glass 
tubing  culler,  and  then  a small  glass  wool  plug  or  glass  bead  was  placed  into  the  bottom 
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of  the  glass  pipene.  Sephadex  G-Sfl  (Sigma  Chemical,  Si  Louis.  MO)  dispersed  m 0.01 
M phospbaie  buffer  was  iransferred  into  the  pipeue  until  the  S^hadex  was  between  the  0 
and  I mark.  Subsequently,  die  column  was  rinsed  wiih  2 mL  of  O.S  M phosphate  buffer 
comaining  O.S  % BSA.  Ibllowed  by  10  mL  of  0.01  M phosphate  buffer.  Phosphate  buffer 
was  retained  at  Ihe  top  of  the  Sephadex  bed  until  the  colunui  was  used  for  separalioiL 

Polypropylcoe  mienKenUifuge  lubes  (Fisher  Scienlinc,  1.0  mL.  flat  lop)  were 
washed  with  glacial  acetic  acid,  rinsed  with  deionized  water,  and  allowed  to  dry.  One  mg 
oflodogco  (Pierce  Chemical  Co..  Rockibrd.  IL)  was  weighed  and  dissolved  in 
chlorofomi  lo  a final  concentration  of  100  pg/ml.  then  20  pLoflodogen  solution  were 
Iransferrcd  directly  inio  the  bottom  oflhc  acid<washed  microcenirifuge  lubes  followed  by 
40  pL  of  chloroform.  The  chloroform  Iben  was  dried  undera  slream  of  air  to  leave  the 
lodogen  coaled  on  the  inside  of  the  lube.  For  the  iodinadon.  lOpLofl.O  |ig  IGF-I, 
followed  by  50  pL  0.1  M phosphate  bulTcr  were  added  to  the  polypropylene 
microccniriihgc  tube  and  mixed  with  10  pL  1'^  (I  mCi)  and  allowed  lo  react  for  S min. 
Subscqucnily.  IGFI-I'^’  solution  was  tiansferred  lo  Ihe  lop  of  the  column.  The  reaction 
tube  was  rinsed  with  50  pL  0.01  M phosphate  buffer,  and  It  also  was  iransferrcd  to  the 
lop  of  the  column  and  allowed  lo  Dow  imoihe  Sephadex  bed. 

Borosilicaie  tubes  (15  X 100  mm),  numbered  1-40.  comaining  500  pL  0.5  M 
phosphaie  buffer  were  used  lo  collcei  20  drop  fraclion-s  using  a fraction  collector  (model 
FC-80  K micro  fractionation,  Gilson  Medical,  Middlclon,  Wf).  The  fractions  were  mixed 
by  finger-t^ing,  ihcn  10  pL  of  each  eluted  ftaction  were  Iransferred  lo  a second  set  of 
lubes  (12  X 75  mm)  lo  idenuly  elution  peaks  bycounling  radioactivity  using  a Tracor 
analyde  gamma  counler  (Nudear-Chicago.  Gamma  Trac  II91.G.  D.  Searle  and  Co.,  Des 


Plaines.  IL).  Tubes  fknti  the  llrst  large  peak  corresponding  lo  I’”  'bound  1GP*I  were 
Somaunronin 

Bovine  ST  1 100-300  pg;  USDA  Reproduciion  Lab.  AFP  S200)  was  weighed  and 
diluted  with  an  equal  quantity  of  0.01  M NaHCC),.  Then  an  equal  aniounlofO.OIM 
phosphalc  buffer  was  added  lo  die  solution  to  yield  a IlnaJ  concentration  of  0.5pg  ST/  pL 
solution;  10  pL  of  the  hormone  solution  were  froacn  in  microcontrifuge  vials  (Fisher 
Scicntillc.  1.0  mL  Hat  top)  for  use  in  iodinalions. 

The  eolumn  used  to  separate  the  iodinaled  ST  from  Oee  iodine  was  prepared  by 
cutting  off  the  mouthpiece  of  a 10  mL  disposable  glass  pipette.  A small  glass  wool  plug 
or  glass  bead  was  placed  into  the  bottom  of  the  glass  pipette.  Sephadex  G-75  (Sigma 
Chemical)  dimmed  in  0.01  M phosphate  buffer  was  transferred  into  the  pipette  until  Ihe 
sephadex  was  between  Ihe  0 and  I mark  on  barrel  ofthepipenc.  Subsequently,  the 
column  was  rinsed  with  2 mL  ofO.2  M phosphale  bulTer  containing  03%  BSA  followed 
by  10  mL  of  0.01  M POj  buffer.  Pliosphste  buffer  was  rclaincd  ar  the  lop  of  the  Sephadex 
column  bed  until  column  was  used  for  ST  separation. 

Three  mg  cloramine-T  and  5 mg  sodium  mciabisulfirc  were  weighed  into 
individual  lubes  and  each  was  dissolved  in  I mLofO.S  M phosphate  bufTer  immediately 
prior  to  Ihe  iodinnlion.  One  mCi  (10  uL)  1'”  was  transferred  into  a conical  plastic 
cemrifuge  lube  containing  10  pL  of  ST  solution  and  then  10  pL  of  0.01  phosphate  bulTer 
were  added.  Afler  mixing,  10  pLofchloramine-T  were  added  to  the  reaction  lube  and 
contents  mixed  wirh  ringer  tapping  for  20sec  aller  which  10  pL  of  sodium  mclabisulritc 
were  added  to  stop  the  reaction.  Sequentially,  ST- 1“’  soluuon  was  transferred  to  the  top 


of  column,  ihc  reaction  lube  was  rinsed  with  50  ^L  0.01  M phosphate  bufTerarul  this  also 
was  transferred  to  the  top  of  the  column,  and  traasferred  solutions  were  allowed  to  flow 
into  thcSephadcs  bed.  Borosilicate  tubes  (15  x IDO  mm),  numbered  1-40,  were  tilled 
with  SOO  pLofO.5  M phosphatc*BSA  buffer  and  then  20  drop  fractions  were  collected  in 
the  rubes  using  the  fraction  collector  (model  FC*bO  K micro  fractionation.  Gilson 
Medical.  Middleton,  WI),  The  fractions  were  mixed  by  finger-tapping,  then  10  pLof 
each  eluted  fraction  were  transferred  to  a second  set  of  tubes  (12  x 7S  mm)lo  identify 
elution  peaks  by  counting  radioactivity  usingaTracor  Analytic  Gamma  Counter 
(Nuclear-  Chicago.  Gamma  Trac  1191.  G.D.  Scaric  ondCo.,  Dcs  Plaines.  IL).  Tubes 
from  the  first  large  peak  corresponding  to  I’^'-ST  were  saved  for  radioimmunoassays  and 
stoied  at  4'C  until  used  in  the  assays. 


A double  antibody  radioimmunoassay  procedure,  as  described  by  Sccldner  and 
Sloane(l96S).  and  modified  by  MalvenetaL  |l9B7b|.was  used  for  assay  oflNS  in 
plasma  Highly  purified  INS  (Sigma  Immunochemicals.  Su  Louis.  MO.  1 1 8F-4826)  was 
weighed  (•  1 00  pg),  then  dissolved  in  30  mM  HCI  (pH  2.5).  The  INS  was  (lOpg/10  pL) 
aliquouedinio  I mL  mlcrofugc  vials  and  frozen  until  used.  Slock  INS  was  diluted  in 
boralo'BSA  assay  bufTcr  (0.1 33  M Borate,  0.01%  Menhio  late  and  0.5%  BSA . pH=g.0)lo 
give  a final  concentration  of  100  ng/ml  for  preparation  ofslandards.  Twelve  standards 
coniaining  0,3, 0.5.  1.0. 2.0, 4.0, 6.0. 8.0,  10,  15. 20, 25.  and  30  ng  INS/ml  were  prepared 
and  frozen  in  5 mL  aliquols.  For  prcparalion  of  first  antibody.  Guinea  pig  onti-bovine 
INS  (Sigma  Chemical  CO.,  St.  Louis.  MO)  was  dissolved  in  borate/BSA  buITer 
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(1:20,000).  Second  antibody  (onli  guinea  pig  and  rabbit  sheep  scnim)  was  diluted  1:4  in 
borate /EDTA  bufrcT(1.86  gEDTA  in  1 00  mL  borate  buffer). 

Armngcmcnl  of  assay  tubes  is  in  Table  4*1.  Plasma  samples  (1 50  pL)  were 
assayed  in  duplicate  along  wilb  150  pL  borate  bufTcr  (0.5%  BSA)  in  12  x 75  mm 
borosilicotc  lubes,  and  lOOpL  first  antibody  (except  the  lubes  for  total  count.  and 

NSB-P)  were  added.  Then,  12  h later,  100  pL  iodinated  INS  («  25,000  CPM)  were 
pipened  into  all  tubes.  Altera  24  h incubation  at  4‘C  (starting  from  addition  of  first 
antibody),  100  pL  diluted  sheep  anti*guinca  pig  second  antibody  (SAGP.  1:4  dilution) 
and  100  pL  norma)  guinea  pig  serum  (l:100dilution)  were  added  to  all  tubes  except  the 
total  count  lubes.  Tubeconlenis  were  mixed  then  allowed  to  stand  fot  10  min. 

Table  d^l.  Arrangement  of  Assay  Tubes  for  INS 

Tubes* Samples  BulTer**  l“Antibody  I'”1NS Plasma 

100  — 

100  — 

100  150 

00  100  — 

00  100  — 

00  100  — 

■TCT=dolal  activity  count  tube.NSB-B=non-specific  binding  for  buffer,  NSB-P=r)on- 
specific  binding  for  plasma,  ZEROrefercnce,  no  INS  added,  ••boralc/0.5%  BSA 
buffer.Volumes  arc  in  pL. 


Following  the  10  min  incubation,  750  pL  of  1 5%  polyethylene  glycol  (PEG: 
Sigma  Immunochemicals,  St.  Louis,  MO.)  in  borale  buffer  were  added  to  all  tubes  except 
for  the  total  count  lubes  and  lubes  were  vortexed  for  I min.  Tubes  then  were  centrifuged 
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al  3000  RPM  ror30  min  al  4'C  (RC-3B  rerrig«raled  c«mrifugewilh  Opiacc  su-inging 
baskel,  H.600A  rotor.  Sorvall  Insirumcms)  decanlcd,  and  atlowcd  to  dry  in  inverted 
position.  Bound  radioactivity  in  the  dry  tubes  was  measured  with  a Packard®  auto 
gamma  counter  (model  3-SOOS).  Final  results  wen;  calculated  using  the  spline 
radioimmunoassay  data  processing  procedure  for  a coded  assay  to  correct  for  any 
di  (Terences  m NSBs  for  plasma  and  buBcr. 

Somalotronm  assay 

Highly  purified  bovine  ST  supplied  by  USDA  (AFP-S200)  was  used  for 
preparation  of  slandards;  one  mg  bovine  ST  was  diluted  in  lOmLofO.OI  MNaHCO,  to 
give  a concentration  of  100,000  ngirnl.  then  2.0  mL  of  this  solution  were  diluted  to  20  mL 
with  PBS/l.0%  BSA  to  give  a conccnlration  of  lO.OOOngtml.  Finally.  1.0  ml.  of  Ihis 
solution  was  diluted  with  99  mL  PBS/I.03ti  BSA  to  gives  final  concentration  of  1 00 
ngfmi  for  preparation  of  slandards.  Asciofl2  standards  was  prepared  to  conlain  0. 1 . 
0.2. 0.4, 0.6. 0.6,  1.0. 1.5, 2.0. 2,5, 3.0, 4,0,  and  5.0  ng  ST/IOOpl.  For  preparation  of  first 
antibody.  Rabbit  anti-ovine  ST  (National  Hormone  and  Pituitary  Program)  was  diluted  in 
0.01  M phosphate /BSA  bufTer(l  :40.000).  Second  antibody  (anti  guinea  pig  and  rabbit 
sheep  serum)  wusdilulcd  1:4  in  phosphale/EDTA  bulTer. 

Plasma  samples  ( 1 00  pL)  were  assayed  in  duplicate  and  were  diluted  with  200  pL 
0.01  phosphate  buffer  containing  0.2S3i  BSA  in  12  x 75  mm  boraailicale  tubes. 
Immediately  oRer  samples  were  pipetted.  1 00  pL  first  antibody  (except  for  total  count. 
NSB-B  and  NSB-P  lubes)  and  100  pL  icdtnaled  ST  were  pipetled  ioloall  tubes.  After 
incubation  for  24  h at  room  temperature,  100  pLdilulcd  second  iinlibody(  1:4)  and  100 
pL  normal  rabbit  serum  (NRS.  ItlOOdilulion)  were  added  lo  alt  lubes,  except  the  total 
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count  lubes, and  inije<i(Table4-2).  Tben,  l.OmLofW  PEG  (Sigma  Imnmnochemieals, 
Si.  Louis.  MD.}  in  0.01  M phosphate  bufTcr  was  added  to  ail  tubes,  except  total  count 

cenlrirugad  at  3000  RPM  at  4*C  (br30fziin  (RC-3B  relhgeraled  ceniriftige  with  6 place 
swinging  basket.  H.600A  rotor,  Sorvall  Instruments)  decanted,  and  allowed  to  dry  in 

auto  gamma  counter  (model  B-S003).  Final  results  were  calculated  using  the  spline 

dilTerences  that  may  exist  in  NSB-B  and  NSB-P. 


Table  4-2.  Arrangement  of  Assay  Tubes  for  ST. 


ZERO 

STANDARDS 

SAMPLES 


IGF-I 

A double  antibody  radioimmunoassay,  as  described  by  Abribal  el  al.  ( I WO)  and 
modilied  for  sample  extraction  by  method  ofEnright  cinl.  (1989)  and  Daughaday  el  al. 
( 1 980).  was  used  for  IGF-I  determination  in  plasma  samples. 


E«lr«ciionor]GF-l  from  bindinB  nroitins  Themelhod  ofEnright  elal.  (1989) 
was  used  for  the  ntraclion  of  IGF-1  from  us  bliidlng  proicins  in  plasma  samples.  An 
exiraciltm  mlxluTE  of  ethanol,  acetone,  and  acetic  acid  (EAA  60:30:10  by  volume)  was 
used  for  exiraclion.  Exactly  100  pL  plasma  ( 100  pL  distilled  water  (or  NSB-P)  and  400 

were  mixed  tor  IS  sec  on  a voilex  and  then  were  allowed  to  stand  for  30  min  at  room 
temperature.  Tubes  then  were  centrifuged  at  3000  RPM  for  30  min  at  4X  (RC-3B 

Then  250  pL  of  the  supernatant  were  transferred  to  polystyrene  tubes  (12  X 25).  and  100 
pL  of 0.855  M triama  base  and  350  pL  of  the  assay  buflerwere  added  to  make  the  final 

Assay.  Highly  purified  Bovine  Insulin-like  growth  factor-1  (IGF-I).  supplied  by 
Upstate  Biotechnology  (Lake  Placid.  NY.  Car#  01-189)  was  dissolved  (10  pg)in  100  pL 
of  0.1  M acetic  acid  to  give  stock  0(100  ng/mL);  this  was  a]it]Uoled  into  microcenpifuge 
tubes  (10  pLOube)  and  frozen.  To  make  stuck  1. 10  pL  of  stock  0 were  added  to  490  pL 
of  assay  buffer.  Stock  2 was  made  by  adding  10  pL  of  stock  I to  990  pL  of  assay  buffer 
to  give  a final  concentration  of  20  pg  IGF-I/  mL.  Standards  were  prepared  from  stock  2 
to  contain  50.  100.200.300.600.800. 1000.  1200, 1500.  and  2000  pg  lOF-l/ml.  The 
first  antibody,  rabbit  anti-bovine  IGF-i.  (Lot  *AFP4g92898X  was  dissolved  (1: 160000)  in 
assay  buffer  (200  mg  protamine.  4.4  g sodium  monobasic  phosphate.  IOmLof2% 
sodium  azide,  3.72  gEDTA  and  2.5  gBSA  in  I L).  The  SAR  was  diluted  1:3  inEDTA. 
Twenty  pL  of  plasma  extract  were  mixed  with  ISO  pL  assay  buffer.  Then.  100  pL 
iodinated  lGF-1  were  added  to  all  lubes,  and  lOOpL  of  firsl  antibody  were  added  to 


referenu,  standaids  and  samples  bul  not  to  NSB  tubes.  All  tubes  were  Incubaled  for  24  h 
at4  *C.  Alter  incubation,  50  pL  second  antibody  diluted  1:3  in  assay  bufTcrand  SO  pL 
normiil  rabbit  scrum  (1:50)  were  added  to  all  lubes  except  die  total  count  tubes.  Sainples 
were  allowed  In  stand  30  min  and  Iben  I niL  of  6%  PEG  (Sigma  Inuounochemtcals,  St 
Louis.  MO.)  in  assay  buffer  was  added,  lubes  were  vonexed  and  allowed  to  stand  15  min. 
and  then  they  were  centrifuged  at  3000  RPM  for  30  min  at  4*C  (RC*3B  refrigeraled 
centrifuge  H.600A  rotor,  Sorvall  Instruments).  Finally,  supernatant  in  tubes  was 
decanted  and  lubes  were  ioverled  on  absorbent  paper  to  dry.  Finally,  bound  radioactivity 
in  the  dry  lubes  was  measured  using  a Paebardrfr  auto  gamma  counter  (model  B*5005). 
Final  results  were  calculated  using  the  spline  rudioimmunoassay  data  processing 
procedure  for  u coded  assay  to  correct  for  any  differences  io  NSBs  for  plasma  extract  and 
buffer. 


Table  4-3.  Arrangement  of  ^say  Tubes  for  JGF-l. 


Samples  Buffer**  l*Andbody  I’’’PRL  Plosma  Exiiaci 


ZERO 

STANDARDS 

SAMPLES 


■TCT=tolal  activity  count  lube.  NSB-B=non-specific  binding  for  buffer.  NSB-P»non- 
specific  binding  for  plasma  extract,  ZERO=referencc,  no  IGF-I  added. 
•^phosphatc/I.O^BSA  buffer.  Volumes  are  in  pL. 


Dctctti 


pfi  of  Glucott  in  Plisma  Sample 


Sigma  procedure  No.  510  (Sigma  Diugnosiics.  St.  Louis,  MO)  was  used  for  the 
(|uanlilalive  enzymatic  delermination  of  glucose  in  deproietnized  plasma  samples  as 
described  by  Raabo  and  Terkildsen  (I960). 

Enzyme  solution  lor  the  assays  was  prepared  by  adding  one  capsule  ofPGO 
enzymes,  which  contained  500  units  of  glucose  osidase  (catalog  no.  510-6)  to  100  mL 
deionized  water  in  an  amber  bottle.  Color  reagent  solution  was  prepared  by  reconstituting 
one  vial  of  o-Dianisidine  Dihydrochloride  (catalog  no  510-50)  with  20  mL  deionized 
water.  Then,  1 00  mL  of  enzyme  solution  and  1 .6  mL  of  color  reagent  solution  were 
mined  by  mild  dtakmg. 

diluting  the  glucose  standard  solution  provided  ( 1 00  mg/dL)  with  deionized  water  to 
achieve  the  desired  standard  concentrations  (Table  4-4).  Along  with  standards,  100  pLof 
unknown  plasma  samples  were  pipetted  into  borosilicalc  lubes  (Fisher  Scientific. 
Pittsburg,  PA).  Then.  900  pL  of  disliiied  water  were  added  to  bring  volume  to  I mL. 
Pla.sma  was  dcproieinized  by  adding  500  pL  barium  hydiozide  solution  (0.3N)  and  500 
pL  zinc  sulfale  solution  (5%)  into  all  tubes,  including  standards.  All  tubes  were  vortexed 
ror30sec  amlcentrifiiged  at  3000  RPM  for  30  min  at  3 **  C (RC-3B  relrigcraled 
centrifuge  with  K.600A  rotor,  Sorvall  Instruments). 

Ninety  six-well  fiat  hotlom  polypropylene  micro-plalcs  (0.50  mL  capacity, 
Sarsicdl  Inc.  Ncwion,  NJ)  were  used  to  complete  assays.  Standards  and  samples  were 
assayed  in  iriplicnics  and  duplicates,  respectively.  Twenty  microliters  of  supernatant 
(standards  and  plasma)  were  added  to  wells  followed  by  200  pL  of  combined  enzyme- 


color  reageru  soluiion  and  pialcs  wore  incubated  for  30  min  at  37  "C  in  a constant 
tempcmiurc  oven  (model  DN-ai,  Americiin  Scientific  Products).  Alter  incubation,  the 
absorbance  was  read  in  an  Automated  Micmplatc  Reader  (Model  EL  309,  Bio*rck 
Instruments,  INC..  Laboratory  Division.  Winooski.  VT)  using  blank  as  rcferctKe  nt  450 
nm  wavelength.  Linear  regression  orahsorbence  and  glucose  concentration  was  used  lo 
determine  the  concentration  ofglticose  in  plasma  samples. 


Table  4-4,  Standards  for  Glucose  determination. 

Standards  (mg/dl)  Glucose  Stock  Deionised  water 
Solution  (I.OtnM) 

0 OpL  400  pL 

25  100  pL  300  pL 

50  300  pL  200  pL 

75  300pL  lOOpL 

100 400  pL OpL 


Final  Volume 


400  pL 
400  pL 
400  pL 
400  pL 
400  pL 


Determination  of  NEFA  in  Plasma  Samples 

fn  vtfro  enzymatic  colorimetric  method  (NEFA  C.  Wako  Pure  Chemical 
bdusirics,  Osaka,  Japan)  was  used  for  the  quanmalive  de(etmlna(ion  ofNEFA  in  plusm: 
as  described  by  Johnson  and  Peters  (1993). 

Color  reagent  A solulion  was  prepared  by  adding  10  mL  ofdiluiion  solution  A 
and  133  mL50mM  phosphate  bulTcr  (4.6  g Sodium  phosphate  monobasic.  14.2  g 
Sodium  phosphate  dibasic  in  500  mL  distilled  water.  pH  6.9)  to  one  vial  of  dry  color 
reagent  A.  Color  reagent  solution  B was  prepared  by  adding  20  mL  of  diluent  for  color 
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reagent  B and  33  J mi.  of  SO  mM  phoaphale  buffer  to  one  viof  of  dry  color  rcagenr  B. 
ViaU  coiUaining  reagents  A and  B were  mixed  gently  and  stored  at  5 *C  for  up  to  2 wk. 

Specific  concenlralions  of  standards  (0, 200, 400, 600.  800  and  1000  pEq 
NEFA/L)  were  prepared  by  diluting  tbe  NEFA  standard  solution  provided  (1000  pEq/L) 
with  0.9%3aIincsolution<9gofNaCl  in  1000  tnL  deionized  walerl  to  acltievetlte 
desired  stamUrd  concenlralions  (Table  4-S).  Ninety  aix*well  finl  bottom  polypropylene 
micro-plates  (O.SOmLcapscity.  Sarstedl  Inc.  Newton,  NJ)  were  used.  Standards  and 
samples  were  assayed  in  triplicales  and  duplicaies,  respeclively.  Then,  2.S  pL  of 
supemnlanl  (standards  and  plasms)  were  added  to  wells  followed  by  SO  pL  ofWako 
Reagent  A artd  these  were  incubated  for  30  min  at  2S  in  a constant  temperature  oven 
(model  DN-41,  American  Scienlillc  Products).  Aflerirtcubalion,  100  pLof  Wako 
Table  4-S.  Standards  IbrNEFA  detenninalioTL 

Standards  (pEt^)  Oleic  Slock  Solution  (I.OmM)  0.9%5aline 

OpL  SOOpL 

lOOpL  400pL 

200  pL  300  pL 

300  pL  200  pL 

400  pL  100  pL 

SOOpL OpL 


Reagent  B were  added  to  the  wells  and  placed  in  the  oven  for  an  additional  30  min  at  25 
°C.  Microplaie  then  was  allowed  to  sit  for  5 min  on  the  bench  at  room  temperature  after 
which  ^sorbance  was  read  in  an  Automated  Microplaie  Reader  (Model  EL  309.  Blo-lek 
Instruments.  INC..  Laboraiory  Division,  Winooski,  VT)  using  blank  as  reference  at  550 
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nm  wavciengih.  Linear  regression  of  absoriicnce  and  NEFA  concemraiion  was  used  lo 
delerminclhe  concenlralion  ofNEFA  in  plasma  samples. 

section  included  data  collected  during  the  2!  d prepanum  period.  The  second  section 
included  data  collected  during  the  28  d postpartum  period  and  during  ISO  d for  MY. 

Data  were  analyzed  using  Proc  GLM  procedure  as  a nested  design  by  least  squares 
analysis  orvorionce  procedures  of  SAS  (1991).  Additionally.  Mixed  model  was  used  to 
compare  speciHe  least  squares  means  (Llllel  el  al.,  2000).  Slallsiical  analyses  were 
perromted  for  BW  and  BCS.  milkand  3.S  % FCM  yields,  and  concentrations  of  ST.  INS. 
IGF-I,  ^ucosc  and  NEFA  in  plasma.  Time  periods  considered  for  data  analyses  were  the 
prepartum  period  (-21  lo-ld).  overall  postpartum  period  (I  to  28  d)  and  0-150 d 
postpartum  period  for  MY.  Models  included  Ihe  main  elTeci  of  bST  treatment  |bST|. 
elTecl  ofdry  period  length  (DRY),  effect  ofprepanum  diet  (DIET),  season  (SEA;  l^cows 
with  dry  periods  during  hot  months  (S^lember.  October,  March.  April,  and  May|,  U= 

Febaruaryl),  interactions  among  Ihe  treatments  and  SEA.cow(bST’D8Y*DlET*SEA), 


Regression  analyses  was  perfoimed  to  the  highest  order  signilicani  up  lo  cubic 


•MY  during  the 
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CTC  wu  evidence  that  regrrseicm  curves  were  not  parallel  (Wllcos  el 

aJ..  1990). 

Specilic  models  arc  described  in  Ihe  Results  seclion.  Signilicancc  was  declared  al 
P<0.05,  except  where  noled. 


Objectives  of  this  study  were  lo  evaluate  ehanges  in  plasma  concentrations  of  ST. 
INS.  IGF-I.  glucose  and  NEFA  during  the  period  of  blood  sampling  ftom  -21  dbeforc 

ST.  INS.  IGF-I.  glucose  and  NEFA  and  MY  were  analyxod  for  treatment  elTccis 
[Somatonopln  treatments  (control  and  injecledl,  dry  period  Ireauncnls  (30  d dry.  30  d dry 
t ECP  or  60  d dry),  prcpanum  diet  IrealracnU  (anionic  diet  or  cationic  diet),  and  season 

Hormones.  Growth  Factor  and  Melabolilca 
Preoanum  period 

Least  squares  analyses  of  variance  for  all  blood  plasma  measures  are  in  Tables  4-6 

-I,  but  dilTerenccs  were  detected  for  the  other  measure.s.  Significani  efTectsof  bST 
treatment  were  detected  for  ST  (P-rO.O065X  IGF-I  (p<0.000l).  and  INS  (P<0.0I25) 
during  prepartum  period  (T^lc  4-6). 

Least  squares  means  and  SEfor  all  dependent  blood  plssma  variables  during  the 
overall  prepamim  period  are  in  Table  4-8.  Mean  concentrations  of  ST  during  the  overall 


prcpanum  period  were  grealer  for  bST  irealed  cows  (8.19  vs  5.51  ng'mL)  and  increased 


concenlralions  were  maintained  througltoni  the  prcparlum  period  (Figure  4-1). 

Plasma  concentralions  oflGF-t  during  the  prepartum  period  (from  d -SI  to  d-l) 
arc  in  Table  4-8.  Mean  concentrations  oflGF-l  during  the  last  3 wk  prcpartujn  difrered 
due  to  treatment  (P<0.0l).  Cowa  in  bST  treated  group  had  greater  mean  plasma 
concentrations  oflGF-I  than  cows  in  untreated  group  ( 31  S.7  vs  235.2  ng/mU  35.5%). 
Overall,  plasma  concentrations  offGF-I  decreased  progressively  fixtm  d -21  to  parturition 
in  both  groups  of(Figure  4-2);  means  on  d -1  for  the  treatments  were  160.7  ng/ml 
(untreated)  and  244.2  ng/ml  (bSTX  which  corresponded  to  decreases  of  3 1.7  and  23.7% 
from  d -21,  respectively. 

Mean  concentrations  of  [NS  also  were  signilicantly  greater  (24.7%)  for  bST 
treated  cows  during  the  overall  prepattura  period  (0.85  vs  1 .06  ng/ml,  respectively.  Table 
4-6).  Concentrations  oflNS  declined  in  both  groups  as  they  aj^roached  calving  but 
concentrations  remained  less  for  cows  in  untreated  compared  to  bST  injected  throughout 
the  prcpanum  period.  However,  the  decline  appeared  sharper  beginning  d -3  for  cows  in 
the  uninjected  group  because  concentrations  declined  Irom  greater  to  essentially  the  same 
during  the  week  before  caiving  (Figure  4-3). 

Although  overall  prepartum  mean  concenlrnliorts  of  glucose  did  not  differ  due  to 
bST  Irealmeni  (Table  4-8).  plasma  concentralions  of  glucose  Increased  significanlly  at  d - 
14  in  bST  injected  cows  and  tended  to  stay  higher  through  calving  (Figure  4-4),  Increase 
in  mean  plasma  concentrations  of  glucose  fortbebST  injected  group  at  d -I  was  about 


6.4%  greater  than  d -12  and  Ihis  was  significant  (PcO.DOl). 
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Msan  concemrelions  of  NEFA  are  in  Table  4-8.  Considering  the  overall 
prepariiiiD  period  (from  d -21  to  -1),  mean  conccniraiions  ofNEFA  in  plasms  did  not 
dinerbetwcenthciwobST  treatment  groups (26S.0  vs 273.5  pEq/L,  respectively).  Even 
though  mean  plasma  concentrations  ofNEFA  were  steady  during  the  prepertiun  period,  n 

concentrations  were  greatest  around  calving  for  both  groups  (Figure  4-5). 

No  dllTerences  in  mean  conceniraUons  of  ST  and  NEFA  were  delected  among  dry 

delected  for  ICF-I  (P<0.0037).  INS  (P<0.D644|  and  glucose  |P<0.0188>. 

Plasma  concentrations  of  ST  for  the  three  dry  period  trealmenls  did  not  differ 
during  prcpartum  period.  Cows  in  60  d dry  period  had  the  lowest  mean  concentration  of 
ST  (S.91  ngtmU.  whereas  cows  In  30  d dry  snd  30  d dry  eECP  groups  had  gieaicr 
concentrations  of  ST  but  they  did  nol  differ  signiHcanlly  during  the  overall  prepanum 
period  (7. 1 7 ng/itiL  vs  7.48  ng/mL).  Although  cows  in  30  d dry  «ECP  group  had 
numerically  greater  mean  eoncenlrsllons  of  ST  at  d -21  and  d -1 8.  they  did  not  differ 

for  any  days  of  the  prepanum  period  (Figure  4-1).  On  the  other  hand,  prepanum  mean 
concenimilons  ofiCF-l  were  greatest  (13V«)  for  cows  In  30  d dry  ECP  group  (309.8 

(269.7  and  25 1 .5  ng/mL,  respectively;  Table  4-9).  Cows  in  30  d dry  + ECP  group  had 
highest  plasma  concenuations  of  IGF-I  on  d -21 . hut  plasma  concemralions  ofiCF-l 
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Overall,  on  d • I , concemrations  were  aboul  40%  less  for  all  cows  celaii  ve  lo 
concentialionsond-21  (Figure  4-2). 

Least  squares  means  and  SE  of  (NS  for  cows  in  the  Ihree  dry  period  Ireaunent 
groups  are  in  Table  4-9.  Mean  concentrations  of  INS  during  the  overall  prepartum  period 
weregrealest  foreowa  in  30  d dry  that  had  been  injected  with  ECP  (I.OOngimL).  Plasma 
concentrations  of  INS  were  similar  tor  cows  in  30  d dry  group  (0.89ngrmL)  and  60  d dry 
groups  (0.88  ng/oiL).  Overall,  concentrations  oFINS  tended  todecreaseslightlylroind- 
21  tod -I  in  both  30d  dry  period  treatment  groups  (Figure  4-3).  Mean  concenlralions  o( 
glucose  in  plasma  during  the  same  lime  period  lended  lo  parallel  that  of  INS  and 
concentrations  also  were  greatest  for  cows  in  30  d dry  t-  ECP  group  (73.3  mg/dL),  and 
least  for  cows  in  the  30  d dry  (69.1  mgfdL)  and  60  d dry  gmups  (68.9  mg/dL;  Figure  4-4), 
On  the  other  hand,  plasma  concentrations  of  NEFA  did  not  difTer  among  the  dry  period 
treatment  groups  during  the  prepartum  period.  All  trcalmcnt  groups  had  steady  plasma 
concentrations  of  NEFA  during  the  prepartum  period  until  d -3.  Beginning  at  d -I.  there 
was  a significant  increase  in  concemrations  of  NEFA  was  observed  within  each  of  the 
three  groups,  mean  concentrations  wore  greatest  and  similar  around  calving  for  all  three 
treatment  groups,  but  there  was  about  a 3-fold  increase  around  calving  (Figure  4-3). 

No  signilicanl  effccls  of  prepartum  diet  were  delected  for  ST,  (GF-I.  Hoivever, 
plasma  concentiatians  of  NEFA  were  significantly  higher  (34  %.  Table  4-10)  for  cows  in 
calionic  group  (P<0.0013),  especially  around  calving. 

Mean  concenualions  ofST  during  overall  prepanum  period  did  not  dilTer  due  lo 
diet  (anionic  or  cationic)  fed  prepanum  (Table  4-6).  Cows  fed  ihe  anionic  diet  had 
slightly,  but  not  significantly,  grcaler  mean  concentrations  of  ST  than  Ihose  fed  calionic 
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Figure  4-1.  Lean  squares  mean  eonceniralionaofST  in  plasma  during  the 
transilion  period  (-21  d through  2S  d).  Anow  indicates  calving 


Figure4'2  L«ast  squares  mean  concentrations oDCF*)  in  plasma  during  the 
transition  period  (*2I  d through  28  d).  Arrow  indicates  calving. 


Figure  4-3.  Least  squares  meau  cencenlraiionsoflNS  in  plasma  duriegthe 
truiNtion  peried  (-21  d through  28  d).  Arrow  indicates  calving. 
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diet  (7.29  ng/mLvs  6.42  ng/mL,  respeclively).  Although  plasma  concmuulons  oriGF-1 
did  not  diner  between  cows  fed  the  anionic  (274.9  ng/tnL)  or  cationic  diet  (279.7  ng/mL) 
during  Die  prepanum  period,  plasma  concemrations  decreased  significantly  from  d -21  to 
d ‘I  for  both  groups  (Figure  4-2).  However,  there  were  no  dilTerences  in  the  final 
concenlmlions  between  treatment  groups  achieved  before  calving  (204  vs  200  ng/mL. 
respccbvcly)  Mean  concentrations  of  (NS  also  weretended  to  be  grcaleran  d <21  tor 
cows  in  both  groups.  Concenuations  of  INS  in  plasma  declined  as  they  approached 


group  tended  to  have  numerically  greater  (not  signillcant)  mean  concentrations  of  fNS 
than  cows  fed  cationic  diet  during  the  overall  prepanum  period  (1.00  vs  0.91  ng/mL, 
respectively;  Tabled,  10). 

Mean  eonccnlinlions  in  glucose  of  cows  fed  the  two  diets  are  in  Table  4-10.  Mean 
glucose  conccnlialions  of  cows  did  not  due  to  diet  fed  prepanum  (70.7  vs  70.2  mg/dL). 
However,  mean  ccncentnilions  of  NEFA  in  plasma  were  greater  (34%)  for  cows  (ed 
cal  ionic  diet  (308.4  pEq/L)  than  cows  fed  anionic  diet  (230.2  pEq/L),  although 
concentrations  ofNEFA  increased  sharply  in  both  groups  of  cows  during  the  Iasi  days  of 
the  prepanum  period  (Figure  4,5}. 

Posttranum  period 

Another  objective  of  the  current  study  was  to  evaluate  the  melabolic  response  of 
cows  during  iheeailyposipanum  period  (from  I to  23  d)  which  Included  21  d of  the 
posiponum  phase  of  the  transition  period.  To  accomplish  Ihis.  a second  series  of  analyse 


' cationic  diets  (Figure  4-3).  However,  cows  in  anionic  diet 


i performed  to  evaluate  data  collected  during  this  poslparrum  lime  period. 
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No  dlfTercnccswere  delecud  for  mean  concentraiions  of  [NS.  glucoie  or  NEFA  or 
(rends  in  conccnlralions  due  (obST  tiealmenl  during  the  overall  postpartum  period  (d  I (o 

were  delected  for  plasma  concentralians  of  ST  and  ICF*I.  Least  squarrss  analyses  of 
variance  are  in  Tables  4-1 1 and  4-12.  Results  showed  significant  effecisof  bST  for  both 
ST  (P<0.000l)  and  IGF-I  |P<0.009I ) during  the  28  d postpartum  period.  No  differences 
among  the  three  dry  period  groups  were  detected  for  mean  concentrations  of  ST,  IGF-I. 
INS.  glucose  or  NEFA  during  the  overall  postpartum  period.  No  significant  postpartum 

ST.  IGF-L  [NS,  glucose  or  NEFA.  However,  there  were  significant  two-factor 
interactions  bST'DRY  for  INS  (P<0.0538)  and  NEFA  (P<0.0044).  and  DRV*SEA 
(P<0.0144)  for  IGF-I. 

Mean  plasma  conccnlralions  ofST  during  the  early  postpartum  period  (from  d I 
to  28)  are  in  Table  4-8.  Mean  conccnlrulions  ofST  during  the  firel  4 wk  postpartum 

mean  concentrations  ofST  in  plasma  (S.S2  ngrinL)  than  bST  injected  cotvs  (10.33 

the  same  lime  period  (Figure  4-1);  conccnlralions  ofST  in  control  cows  remained 
essentially  constant  throughout  the  38  d period. 

Least  squares  means  and  SE  of  IGF-I  eoncemraiions  during  the  ovenill  postpartum 
period  are  in  Table  4-8.  Mean  concentrations  ofIGF-1  during  the  overall  postpartum 
period  olso  were  greater  concentrations  for  the  bST  treated  group  (150.2  vs  1 1 7.4  ngfmL) 
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plasms  concemralions  of  ST  were  least  for  cows 
whereas  cows  in  30  d dry  -r  ECP  and  60  d dry  groups  hod  similar  and  numerically  (bul 
run  signilicanllyjgrealcrmcan  concentralionsofST  (8.4  and  8.3  ngimL,  respcclivcly). 
Mean  plasma  concentrations  oflCF-l  were  greatest  for  the  cows  in  30  d dry  -r  ECP  group 
(148.7  nghnl).  whereas  cows  in  30  d dry  and  60  d dry  groups  had  lower  mean 
concentiaiions  (121.2  and  131.5  ngtmL).  Concentrations  were  least  around  parturition 
and  remained  low  during  the  28  d poslpartum  period  (Figure  4-2). 

Neither  mean  concemralions  of  INS  nor  glucose  differed  during  the  firat  28  d 
poslpartum  differed  due  to  dry  period  treatment  (Table  4-9).  Cows  in  30  d dry  t-  ECP 
group  had  greatest  mean  concentrations  of  INS  (0.65  ng6nL)  artd  glucose  (63.6  mg/dL)  in 
plasma,  whereas  cows  in  30  d dry  group  had  iniemiedinie  concentrations  of  INS  (0.59 
ng/mL)and  glucose  (62.9  mg/dL|  in  plasma,  and  cows  in  60  d dry  group  had  the  lowest 
concentrations  of  both  INS  (0.56  ng/ntL)  and  glucose  (59.5  mg/dL)  in  plasma.  Plasma 
eoncentralionsofboUi  (NS  and  glucose  tended  lo  decrease  during  the  first  2 wk  following 

4-3  and  4-4).  Decrease  in  conccnimlions  of  glucose  in  plasma  of  60  d dry  cows  was  more 
pranounced  bul  did  not  differ  signiliconily  ftnm  the  other  two  groups  (Figure  4-4).  Mean 

early  postpartum  period.  Plasma  concemralions  ofNEFA  were  greatest  around  calving 
bul  decreased  foe  the  three  dry  treatments  afterwards  (Figure  4-5). 

diet  fedprepanum.  Cows  fed  Die  anionic  diel  had  slightly  greater  mean  conceniralions  of 
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concemrslions  oflGF-I  during  early  postpartum  period  were  about  50%  of  prepanuni 
concentrations  and  did  not  differ  between  cows  fed  anionic  (131.1  ngfmL)  or  cationic 
diets  (1363  ng/mL)  during  the  postpartum  period.  Mean  concentmtionsofTNS  also  were 
less  ('■60%)  during  early  postpartum  period  than  during  prepartum  period  (Figure  4-3), 
although  concentrations  were  maintained  slightly,  but  not  significantly,  greater  for  cows 
fed  anionic  diet  (0.63  vs  037  ngrinL). 

Mean  concentrations  of  glucose  for  cows  fed  the  two  diets  are  in  Table  4-10. 

Mean  plasma  concentrations  of  glucose  did  not  differ  for  cows  fed  anionic  or  cationic 
diets.  However,  cows  in  anionic  diet  group  tended  to  have  slightly  greater  mean 
concentrations  of  glucose  then  cows  fed  cationic  diet  during  the  early  postpartum  period. 
(63.0  vs 60.9  mg/dL)  about  12and  15%  less,  respectively,  than  concentrations  during 
prepartum  period.  Plasma  concentrations  of  NEFA  followed  the  same  psuem  in  cows  fed 
the  two  diets  during  the  postpartum  period  (Figure  4-5).  Plasma  concenlrotionsofNEFA 
went  greatest  around  calving  but  decreased  essentially  lineariy  during  the  2S  d postpartum 
sampling  period,  although  mean  concentrations  still  were  about  double  die  mean 
prepartum  concentrations  |d  -21  to  -1). 

Milk.  3.5%  FCM  andSCM  Yields 

Least  squares  analyses  of  variance  for  MY  for  the  lirst  21  wk,  and  milk.  3,5  % 
FCM.  andSCM  yields  during  the  first  10  wk  are  in  Tables  4-13  and  4-14.  respectively.  A 
trend  toward  signiricanl  differences  in  milk,  3.5%  FCM  and  SCM  was  detected  due  to 
bST  irealmenl  during  fitsl  10  wk  (P<0.073 1 , P<0.0985,  and  P<0.092 1),  respectively,  and 
for  firai  21  wk  for  MY  (P<0.027),  Untreated  cows  had  significanlly  greater  SCC  during 
the  firai  10  wk  (P<0,044;  Table  4-1 5).  No  signillcanl  differences  were  detected  for  dry 


206 

penod  and  prepanum  did  ucaiincnu  for  milk.  2.S  % FCM.  or  SCM  yields  during  fim  10 
wk  period.  Mean  daily  yields  of  milk  for  dry  period  and  pr^nulum  dtel  ircaimcnts  did  nol 

Rcsulis  indicaced  dial  cows  ireaied  with  bSThad  greater  mean  milk.  3.$%FCM, 
and  SCM  yields(39-6  kg/d.  42.1  kg/d  and  40.5  kg/d.  rcqieciively)  than  conlrol  cows 
(36.7  kg/d.  38-9  kg/d  and  37.5  kg/d.  rtspeclively)  during  finn  10  wk  (Table  4-15).  No 
dlfTerences  were  observed  in  percenlages  of  protein  (2.86  vs  2.87%)  or  fal  ( 3.93%  vs 
3.96  %)  between  bST  ireaUnerrts.  However,  cows  In  uninjecled  control  group  bad 
sigrriticanlly  greaier  SCC  Ibon  cows  treaied  with  bST  during  the  first  1 0 wk  in  lactation 
(527  vs  323x1  O').  Milk  yields  during  the  for  (list  21  wk  also  were  greaier  for  bST  treated 
than  cows  those  uninjected  (40.1  vs.  37.0  kg/d.  respectively;  Figure  4-6). 

To  evaluate  the  trends  In  mean  MY  dunng  the  first  21  wk  postpomim,  regression 

bST  injected  and  uninjecled  cows  (Wilcox  el  ai..  1990).  Test  of  heterogeneity  indicaled 

curves  for  milk  yield  (Figure  4-7)  indicaced  cows  injccled  wiUi  bST  prcpaitup  and 
postpartum  had  greater  and  more  sustained  increase  in  milk  pitiduciion  compared  lo  cows 
in  control  group  that  were  uninjecled  and  daily  yield  continued  greaier  during  ihe  overall 
posipartum  period  even  ihoughbolb  groups  wore  injected  with  (nil  dose  of  bST 
beginning  60ir2  d postpanum. 

Leasi  squares  means  for  milk,  3.5%FCM  and  SCM  yields  for  dry  period 
ireatmems  during  (irst  10  wk  are  In  Table  4-16.  No  signllicam  diffcrenccsainongdry 
period  ireatmems  were  delecrcd  for  any  measure  of  MY  evaluated.  Cows  io  60  d dry 
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Figure  4<6.  Milk  production  of  Holeldn  cows  during  eariy  iacieiion.  Arrow 
indicates  the  time  Aiii  dose  ofbST  injection  started 
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trcaimenc  did  haveslighlly  greaier  numerical  milk  <39.4  kg/d)  3.5?4  FCM  (41.6  kg/d)  and 
SCM  (39.8  kg/d)  yields  than  cows  in  30  d dry  wiih  no  ECP  (37.4  kg/d,  39.3  kg/d  and  37.9 
kg/d.  respeclively)  and  than  cows  in  30  d dry  -r  ECP  (37.3  kg/d,  40.7  kg/d  and  39. 1 kg/d, 
respectively),  but.  as  indicated,  they  did  not  differ  significantly.  FurUiermorc,  MY  during 
first  21  wkdid  not  differ  signiflcanlly  due  to  dry  period  length  or  trealinenl  (Table  4-6). 
No  significant  differences  tn  percentages  of  protein  (Z78. 2.93  and  2.39  3k),  fat  (3.90, 
4.09  and  3.84  %)  or  SCC  (477, 489  and  309  xIO')  were  detected  due  to  prepanum  diy 
treatments  (60  d dry,  30 d dry  t-  ECP  and  30  d dry.  respectively)  during  the  first  lOwk 
lactation  period  (Tabic  4-16). 

Cubic  order  regression  curves  were  calculated  for  MY  to  describe  the  lime  trends 
for  the  individual  ircatmcnis  over  thc21  wk  lactation  period  (Figure  4-7),  Tests  of 
hctcmgcncity  detected  evidence  that  curves  were  not  parallel  (P<0.01tWilccix  el  al.. 

1990).  Cows  in  60  d dry  had  highest  milk  yield  that  were  girater  at  the  beginning  of 
lactation  but  had  lowest  milk  yield  after  10  wk.  Cows  in  30  d dry  with  and  without  ECP 
had  similar  milk  yields  after  porturi lion. 

No  differences  were  observed  in  moan  milk.  3.3  %FCM.  and  SCM  yields  and 
percentages  ofpmtcin  or  fat  or  SCC  for  the  cows  fed  different  pr^arlum  diets  (anionic  or 
cationic)  during  the  fust  10  wk  period.  Similarly,  mean  MY  during  the  first  21  wkdid  not 
differ  signiftcantly  due  to  prepanum  diet  fed  the  cows.  Milk  yield  of  cows  fed  anionic 
group  were  about  I kg  greater  during  litst  10  wk  (38.7  vs  37.S  kg/d).  However,  over  the 
first  21  wk  period,  the  small  numerical  dilTerencedisai^carcd  and  mean  daily  MY  were 
similiir  for  the  two  prepanum  diet  treatments  (38.6  vs  38.5  k^d;  Table  4-17). 
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Figure  4>7.  Cubic  regressioiu  depicting  changes  in  weekly  milk  yield  of 
Holyein  cows  during  the  eaperimeni  Arrow  indicates  the 
time  fjU  dose  of bST  injection  started 


Using  coefllcienls  obtained  fnom  cubic  regression  analyses,  the  trends  in  mean 
MY  were  evaluated  during  the  first  21  wk  postpartum  period  for  prepartum  anionic  and 
cationic  diets  (Wilcox  el  al.,  1990).  For  prepartum  diets,  there  was  no  evidence  delected 
to  indicate  that  individual  MY  curves  were  not  parallel  during  the  early  postpartum 
periods  (2  i wk),  os  determined  by  heterogeneity  test  (Figure  4>7).  Allhou^  MY  of  cows 
fed  anionic  diet  initially  showed  greater  daily  production,  decline  in  MY  also  started 
earlier  than  that  of  cows  fed  cationic  diet  and  overall  result  was  that  there  was  no  change 
in  mean  MY  during  The  lirsl  21  wk  in  laclalion. 

Apparent  c^iciency  (MY  kg/DMl  kg)  and  gross  efficjency  (MY  kg/NEl  Meal)  of 
milk  pioduclion  were  calculated  for  all  treatment  groups  (Tables  4<15, 4-16.4>l7). 
Apparent  ctncicncy  of  milk  production  wos  grealer  for  cows  injcoled  with  bST  than  for 
conuol  cows  (1.21  vs.  1.06,  P<0.03).  No  differences  in  apparent  cflidencyarmilk 
production  were  deiccled  among  dry  period  Ucalmcnl  groups  or  for  Ihc  preparrum  diet 
treatment  groups  (Tables  4-16  and  a-17).  Gross  eflicicncy  of  milk  production  followed 
the  same  irend.  Gross  efncicncy  of  milk  production  by  cows  Injected  with  bST  was 
significantly  greater,  Ihetefotr  these  cows  were  more  elTiclenl  than  cows  not  injected  with 
bST  (0.78  kg/d  vs.  0.68  kg/Mcal,  respectively:  P<0.03;  Table  4-15).  Cross  efficiencies 
were  0.68. 0.75  and  0,75  kg/Mcal  for  cows  in  30  d dry,  30  d dry  + E(TP  and  60  d dry 
groups,  rcspcclivciy  (P<0.24;  Table  4-16).  NodilTcrence  in  gross  efficiency  of  milk 
production  was  delected  for  cows  fed  preparfum  anionic  (0.70  kg'Mcnl)  or  cationic  diets 
(0.75  kg/Mcal;  Table  4-17). 

The  previous  lactation  305-d  mature  equivuJcol  (ME)  MY  of  cows  did  not  differ 
significantly  in  hST  and  non-bST  groups  (10423  ± 254  vs  1 0588 1 283  kg,  respectively; 


Tabic  4-15).  Cows  in  30  d dry  (10674  ± 307  kg),  30  d dry  ♦ ECP  ( 1 0448  i 329  kg)  or  60 
ddiygmups(l0396x343  kg;  Table  4-16)  bad  similar  previous  laciaUon  30S-dMEmilk 
yields.  The  previous  30S-d  ME  milk  produciion  of  cows  fed  anionic  orcalionic  dieis 
prcpamun  also  did  noldin'et  signilicanUy  (10444  ± 253  vs  10567  1 273  kg  restively; 
Tabic  4-17).  The  current  laclalion  305-d  ME  yields  ofeows  also  were  analyzed.  The 
cuirenl  305-d  ME  yields  of  covrs  injected  with  bST  ( 10076  ± 3 17  kg)  was  significantly 
greater  than  cows  not  injected  wilhbST  (9420 1 284  kg;  PO.09;  Table  4-15).  The 
cuirenl  305-d  ME  were  9586 1 343. 9959  ± 373  and  9700 1 385  kg  for  cows  in  30  d dry. 
30  d dry  -V  ECP  and  60  d dry  groups,  respectively  (Table  4-16).  No  dilTerences  in  current 
305-d  ME  milk  production  were  delected  for  cows  fed  prepaitum  anionic  (9592  ± 290 
kg)  or  cationic  diets  (9903  x 3 1 1 kg:  Table  4-17).  Tiie  current  303-d  ME  milk  yields  also 
were  adjusted  for  actual  305-d  MY  in  the  laclalion  that  preceded  the  experimental  dry 
period.  The  adjusted  305-d  ME  milk  production  was  significantly  greater  tor  bST  injected 
(10071  X 266  kg)  than  non-bST  injected  cows  (9512  1 296  kg.  P<0.l;Table  4-15).  No 
significant  di  (Terences  in  the  adjusted  305-d  ME  milk  production  of  cows  assigned  to  30 
ddry,  30ddiy  ♦ ECP  and  60  d dry  groups  were  detected  (9580  X 321, 9960  x 344  and 
9836x358  kg.  respectively;  Table  4-16).  The  adjusted  305-d  ME  milk  production  of 
cows  fed  prcpanum  anionic  or  cationic  diets  also  did  not  differ  significantly  (9593  X 266 
VS  9990  X 288  kg:  Table  4-17). 

Discussion 
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hypothesized  Ihal  bST  injeclion  prepaiium  and  posipamim  would  have  its  primary  cITcct 
on  directing  the  use  of  absorbed  nutrients  In  all  classes  by  altering  the  melabolism  of 
difTerrnt  tissue  types  directly  (e.g.,  liver,  adipose)  and  indirectly  (e.g.,  mammary  gland) 
mediated  in  large  part  by  IGF-1  (Bauman,  1992).  Somatotropin  decreases  sensitivity  of 
INS  receptors  to  INS  in  the  peripheral  tissues  and  decreases  overall  uptake  of  glucose  in 
peripheral  body  tissues.  Thus,  this  minimizes  the  oxidation  of  glucose  to  CO2  in  these 
peripheral  tissues  and  more  glucose  is  available  for  milk  synthesis.  Somatotropin  also 
increases  lipolyais  in  adipose  tissue.  Because  glucose  is  used  as  the  primary  energy 
metabolite  and  as  a substrate  for  symhesizmg  milk  conslltuenls  in  mammary  tissue, 
energy  needed  by  other  peripheral  body  tissues  would  be  derived  from  producis  of 
lipolysis  or  metabolism  ofnon'gluconeogcnic  compounds  arising  from  the  rumen  and 
lower  digestive  tract.  Thus,  more  glucose  would  be  available  to  the  mammary  gland. 

tissues  because  it  iucreascs  lipid  mobilization  arrd  inhibits  glucose  oxidation  in  the  whole 


body.  Proteins  that  are  mobilized  from  the  muscles  can  be  used  in  the  liver,  in  the  gut. 
and  in  the  blood  which  will  increase  overall  melabolism  and  eflicicncy  of  protein  use. 
Adjustments  of  these  orchestrated  changes  would  be  especially  important  during  the  early 
lactation  because  of  lower  DMI  at  this  time. 

Both  prepartum  and  posipanum  injections  of  bST  did  result  In  elevated 
conceniraiions  of  ST  in  the  peripheral  circulation  oflrcaicd  cows.  Concentrations  of  ST 
tended  to  be  greater  during  the  posiparliim  period  than  during  the  prepartum  period. 
Although  ST  concentrations  increased  arourKl  parrurilion,  no  net  increase  in  plasma 
conceniraiions  ofST  were  observed  in  untreated  cows  as  they  moved  Dorn  the  prepartum 


218 

10  Ihc  posipanum  poriod.  Goncrally,  the  resulu  of  this  study  agreed  with  others  (de  Boer 
cl  si.,  198S;  Koprowski  and  Tucker.  1973:  Vicini  et  al.,  1991).  Somatotropin  is  a 
homeorhetic  homorte  that  is  involved  in  the  regulation  of  the  metabolic  adaptations  that 
occur  during  the  transition  the  nonlactatieg  to  the  laciating  stale.  Hence,  ST 
concentrations  begin  to  increase  during  late  pregnancy  and  rise  during  early  lactation  and 
then  fall  during  the  latter  stages  as  MY  declines  (Collier  el  al„  1934),  Through  these 
changes,  ST  can  exert  a powerful  galoclopoiclic  influence  once  lactation  is  oslablished;  it 
decreases  rales  of  lipogencsis  and  activities  oflipogenic  enaymes  and  promotes  glucose 
ulilizalton  for  milk  synthesis  (Bauman  and  Vernon,  1993). 

Changes  in  concentnilions  of  ST  following  injections  ofbST  arc  seen  over  a wide 
range  of  injection  Joses  and  limes  within  the  lactation  cycle.  Simmons  el  nl.  (1994) 
reported  elevaled  concentrations  of  ST  in  plasma  of  cows  when  prepartum  injeclionsorS 
and  1 4 mg  hST/d  were  administered.  It  also  was  shown  lhal  cows  that  were  injected  with 
23  mgbST/d  had  higher  concentrations  of  ST  than  untreated  cows  (Bachman  el  al., 

1992).  Lucyet  al.  (1993)  reported  an  increase  in  plasma  concentrations  of  ST  following 
injection  of  cows  with  bST  during  both  mid  and  late  lactation.  Additionally, 
concentrations  of  ST  were  elevated  Ihrou^oul  Ihc  entire  transition  period  when  cowa 
were  injected  during  both  propanum  and  postpartum  periods  (Garcia  et  al.,  2000:  Gulay 


el  al..  2000).  The  amount  chosen  (10.2  mg  bST'd)  to  inject  during  the  current  studies  was 
basedon  previous  studies  (Gulay.  1998)  that  indicated  this  dose  was  the  least  oflhe 
amount  evaluated  that  brought  about  desired  effects  on  ST  and  1GF4.  Thus,  mcmasc  in 
plasma  ST  concenlialions  in  current  studies  were  expected  and  increase  in  ST 


concentTBlioiu  were  appmpridic  Tor  iJieainoimlofbST  injccied  either  pirpanujn  or 
postpanuirt. 

No  difTerences  were  observed  in  conceniralicnsofST  in  the  plasma  of  cows 
during  the  preparlum  or  postpamuti  periods  in  any  of  the  three  dry  period  groups  or  in 
groups  fed  theprepartum  anionic  and  cationic  diets.  Consequently,  rto  differences  were 
detected  in  (he  milk  yields  of  cows  due  to  prepartum  diet  fed.  Increase  in  concentntunns 
of  ST  in  plasma  was  not  limited  to  only  a type  ofdiet  or  dry  period  length,  rather  the 
e^ect  was  more  general.  Thus,  positive  effect  ofbST  treatment  may  be  expected  to  work 
under  a wide  variety  of  management  strategies.  Concentrations  of  ST  during  the  transition 


injecting  bST  did  not  change  this.  However.  ST  concentrations  were  elevated  during  early 
lactation  (de  Boer  etal,.  1 98(1;  Kopiowski  et  aU  1973;  Vioini  et  al.,  1991).  Normal 
physiological  concentrations  of  ST  in  cows  are  altered  after  parturition,  most  likely,  to 
facilitate  the  important  changes  occurring  during  early  lactation  fSortin  et  al.,  1988). 

As  menlioned  previously,  ST  has  a very  imponttnl  role  as  a homeorhelic 
controller  of  metabolism.  Typically,  concentrations  of  ST  in  cows  begin  to  rncrease 
during  late  pregnancy  and  are  elevated  al  calving.  Moreover,  the  galaclopoietic  response 
to  exogenous  injections  of  ST  during  laciaiion  suggests  lhat  ST  has  on  imponani  role  in 
many  adaptations  that  occur  duriag  the  transition  period  and  that  increased  conccnlialions 
of  ST  due  to  bST  injection  likely  enhance  these  adaptations.  PhysiologicaJ  prexeasca  such 


orglucose,  regulation  of  adipose  tissue,  and  i 


clion  in  muscle  uptake  and  oxidation 
: in  lipclysis  and  mcreased  uptake  of 


nulhcnts  used  for  milk  syuihesis  by  manunary  gland  are  aliered  in  various  tissues 

changes  likely  are  enhanced  by  ST  treatmems  and  also  because  of  increases  in 
endogenous  synthesis  and  secretion  of  ST  (Bauman,  1992).  Increased  conccnuaiions  of 
ST  also  decreases  the  ability  of  INS  to  inhibit  gluconeogeneais,  inhibits  actions  of  INS 
second  messenger,  and  decreases  uptake  of  INS  into  the  celt.  These  and  other  alterations 
in  manunary  and  extra'mamtnaty  metabolism  are  e^ccially  impenant  during  Ihe  early 
prepartum  period  because  milk  production  is  initiated  and  amount  of  milk  produced 
increases  mpidly  but  DMI  is  rrot  suBicient  io  support  this  iucrease.  In  the  current  study, 
low  dose  ofbST  injection  before  artd  alter  parturition  increused  concentrations  of  ST  and 
it  is  likely  this  rise  had  many  beneficial  effects  because  of  the  linked  rise  in 
concentrations  of  ST  and  IGF*!  and  decrease  in  INS  and  this  favored  increased  MY. 

In  general.  bST  injected  cows  had  higher  IGF-1  concentrations  than  control  cows 
during  prepartum  and  postpartum  periods  ofthis  study,  although  increase  in  IGF-1 
conceniraiions  after  parturition  were  less  ihan  the  increase  that  occurred  during  ihe 
preparium  period  (-36%  vs  '■28%).  In  addition,  cows  in  all  three  dry  period  ireaimcnis 
followed  the  same  trend  with  high  plasma  conceniraiions  of  IGF-1  during  prepartum 
period  and  a continuous  decrease  through  parturition  with  the  lowest  plasma 
concentrations  observed  during  the  first  2 wk  alter  parturition.  These  results  indicated  a 
relationship  between  the  decrease  in  energy  and  specific  nutrient  intake  because  of  the 
decrease  in  DMI  around  calving  and  dccrea.sed  concentraliuns  nf  IGF-1  during  this  lime 
Adverse  effects  of  negative  energy  balance  and  diet  on  plasma  conceniraiions  oflGF-l 


1 reported  previously  (Kongo  dal..  I983i  Elsasserci  al..l989).  VicinI  el  al.  (1991) 
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also  rcpohcd  IhQl  whcnbST  was  injected  during  laic  lacution.  dry  period  anil  early 
lacialion,  increase  in  concenlralionsoriGF*!  were  greater  during  the  late  leclation  and  the 
dryperttxl  (when  DMI  was  greater),  than  during  early  lactation  when  DM)  is  limited. 

Although  plasma  conccnlratiorts  oflGF-l  ore  under  control  ofST,  nutritional 
status  plays  an  important  role  in  the  regulation  of  the  somatotropic  tutis  (Brier  et  al.. 

1986).  When  a diet  was  fed  to  steers  for  a 2 wk  period  that  resulted  in  severe  energy 
deficiency,  the  IGF-I  response  to  bST  declined  markedly  (Elsasscr  « al..  1989).  Cows  in 
early  laclation  typically  are  in  NEB  and  they  have  greater  circulating  concentrations  of  ST 
but  low  basal  concentrations  of  IGF-I.  Synthesis  and  secretion  of  IGF'I  in  response  to  ST 
is  affected  by  the  energy  balance  (Phillips  et  al.,  1990)  and  iheST/lGF-I  axis  is  anenualed 
by  nutritional  status  (Bauman  and  Vernon.  1993).  Reslriclion  of  DMI  in  growing  steers 
decreased  the  basaJ  concenlialion  of  IGF*I  in  blood  and  terminated  the  positive  response 
of  ICF-1  loexogenous  bST  treatment  (Brier  et  aL.  1988).  Moreover,  the  )GF-1  response 


(McGuire  et  a).,  1992).  Similarly,  in  the  currcnl  study,  the  IGF-I  response  to  bST  was 
less  after  parturiUon  than  it  was  during  the  prepttrtum  period. 

Nutritional  status  also  regulates  the  concentrations  ofIGFBP  and  changes  in 
conceniralions  of  IGF-I.  Vicini  cl  al.  (1 991)  suggested  that  these  changes  were  the  result 
of  a change  In  specific  cireulaUng  binding  proteins.  About  75H  oflGF-l  are  found  bound 
iolOFBP-3and  circulating  conconuntions  of  IGFBP-3  are  positively  correlated  with 
those  of  ST  (Cohick  el  a].,  1992).  Administration  of  ST  to  laciaiing  cows  (Cohick  etal  .. 
,1992),  humans  (Blum  eial.,  1990)  and  pigs  (Wallon  and  Eihetion.  1989)  causes  increases 


t were  fed  high  proiein/high  energy  diets 
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in  conconimtionsonGFBP-3.  Moreover,  infusion  oflGF'i  inlo  normel  odutls  increases 
lOFBP-3<Zapf«aJ..1990), 

It  seems  that  IGFBP-2  concenlnitions  are  higher  and  IGFBP-3  coneentraljons  are 
lower  during  negative  nutrient  balance  (Vieini  el  aL,  1991).  In  contrast  to  increases  in 
concentrations  oflGFBP‘3.  concentrations  oriGF6P‘2  decline  in  circulation  following 
bST  injections  in  cows  (McGuire  ei  al..  1992;  Cohick  el  ol..  I9S9).  The  IGFBP-2  inhibits 
IGFs  in  various  cell  lines  in  vim  (Yang  ct  al..  1 989).  Basal  concentrations  of  ICFBP‘2 
were  greatest  dunng  early  lactation  and  least  during  the  dry  penod  when  cows  were  in 
positive  EB.  Conversely,  lGFBP-2  conceniralions  were  least  during  the  dry  period  when 
IGF-I  was  high,  and  were  reduced  during  bST  administration  when  IGF-l  concentrations 
were  elevated  (Vieini  el  ah,  1991).  Thus,  lower  IGF-l  conceniralions  during  early 
lacIBIion  probably  occurs  because  of  the  NEB  observed  following  pariurilioo  (Vieini  el 
al..  1991).  Although  there  was  a reduced  increase  in  IGF-I  during  bST  administration 
during  early  lactation,  greater  conceniralions  of  IGF-I  found  in  craws  in  the  bST  injected 
group  than  in  the  uninjecied  group  did  suggest  that  increased  concentrations  ofST  In 
blood,  as  a result  of  bST  injections,  might  have  cruised  a shill  in  proportions  of  the 
various  IGFBPs  in  plasma  and  changes  in  the  bintUng  of  IGFs  to  these  proteins 
(Armstrong  et  al..  1996).  Although  concentrations  of  IGFBPs  were  not  mea.suted  during 
the  cuireni  study,  because  of  greater  eoncenlialions  of  ST.  shills  in  the  proportions  of 
IGFBPs  in  plasma  and  changes  in  the  binding  of  the  IGF-l  lo  ihese  proleins  might  have 
occuired  resulting  in  greater  circulating  conceniralions  of  IGF-I  of  the  bST  injected  cows. 
Because  IGF-I  acts  as  a local  mediator  of  mammary  epithelial  groinh  and  development, 
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greater  concentrations  in  plasma  might  have  increased  the  lactational  performance  of  the 
bST  treated  cows  via  increased  cell  numbers. 

Another  imporunt  hormone  that  regulates  metabolism  in  cows  is  INS.  Insulin  is 
considemd  to  be  on  anabolic  hormone.  It  regulates  lat  deposition  and  mobiliration  Bom 
adipose  tissue.  Moreover,  INS  causes  u decrease  in  the  concentrations  of  blood  glucose 
and  stimulates  uptake  and  uUliaalion  of  glucose  by  the  liver,  muscle,  and  adipose  tissue, 
as  well  as  inhibiting  glucuneogenesis  and  glycogenolysis,  which  are  Iwo  main  sources  of 
peripheruJ  blood  glucose  (Han  cl  al.,  I97S).  In  the  current  study,  concentmiionsoriNS 
were  high  for  cows  in  all  treatment  groups  during  the  prepanum  period.  Greater 
prepartum  concentrations  of  INS  were  expected  because  of  the  greater  amounts  of 
circulating  glucose  and  the  positive  energy  balance  of  the  cows  during  lale  lacisilon  and 
Ihroughout  much  of  the  dry  penod  (Vicini  el  ul..  1991).  On  the  other  hand,  cows  treated 
with  bST  had  significantly  greater  concentraiions  offNS.  As  cows  aj^roached  calving, 
INS  concentrations  typically  would  be  decreasing  and  would  be  furUier  reduced  ahee 
panurition;  conecntraiions  would  remain  lower  Ihroughoul  Ihc  lactation  sampling  period 
(r-28  d).  Vicini  cl  al.  (1991)  also  reported  that  INS  was  elevated  when  bST  was  injecled 
during  laic  laclaijon  ar>d  Ihc  following  dry  period,  but  cancantrulions  declined  during 
early  laclalton.  Bachman  ct  aJ.  (1992)  also  reported  that  plasma  concentrations  of  INS 
decreased  as  cows  approached  calving.  Thus,  results  of  many  studies  indicate  that  the 
changes  in  INS  observed  were  the  expected  physiological  response.  Ln  dairy  cows  aficr 
calving  and  during  early  lacialion,  there  is  a sirong  positive  relatiortship  between 
concemraiion  of  INS  in  plasma  and  energy  balance  (Lucy  el  al.,  1991).  Increased 
concenlraiions  oflNS  in  plasma  arc  associuled  with  positive  EB  of  the  cows.  This  also 
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would  be  expected  to  cause  higher  eoncenlrolions  of  glucose  in  blood  during  the  dry 
period.  Decreased  eonccnlialions  ancrparliiniion  likely  oceuired  because  of  the  r^id 


onset  of  the  aegiilive  EB  during  early  lactation  (Vicini  et  al..  1991),  as  laclalion  demands 
for  energy  and  precurcors  fur  milk  synthesis  rapidly  increase. 


parturition.  These  results  agreed  with  htidmgs  that  concentrations  of  INS  declined  around 
parturition  (Garcia,  1998;  Gulay,  199S;  Malven  cl  al..  1987),  even  in  bST  injected  cows. 
Lactation  is  chaiaclerized  by  low  concentmlions  of  INS  and  a high  ST:INS  ratio. 
Decrease  in  (NS  receptors  and  decrease  in  eoneenlralions  of  INS  following  paituntion 


concentntions  of  (NS  and  reduced  (NS  receptor  numbers  in  liver  and  adipose  tissue,  (NS 
receptor  numbers  increase  in  mammary  tissue  at  parturition  (Peltcrson  el  al.,  1994). 
During  late  pregnancy,  increased  resistance  to  INS  in  adipose  tissue  causes  decreased  (NS 
response,  expressed  a.s  decreased  adipose  tissue  lipolysis  and  (7A  mobilization 
(Petterson  etal.,  1994).  Somatotropin  has  a negative  efiect  on  ability  of  INS  to  inhibit 
gluconeogenesis  and  it  also  inhibits  both  INS  uptake  by  the  cell  and  INS  protease  activity 
that  is  necessary  for  the  action  oflNS.  The  sum  of  these  changes  would  lead  to  an 
increase  in  glucose  ptoduction  via  gluconeogenesis  and  priority  use  of  glucose  by 
mammary  tissues  then  could  occur. 

Trealmeni  of  cows  with  bST  during  postpartum  period  stimulates  glucose 
metabolism  in  cow  s.  Typical  re^onses  include  decreased  whole  body  oxidation  of 


In  current  expcrii 


1 of  INS  declined,  beginning  3 d before 


glucose  (Cohick  et  al,  1 989).  increased  hepatic  rates  of  gluconeogenesis  (Bauman  el  al.. 
1988).  and  decreased  glueose  response  to  (NS  (Bauman  and  Vernon,  1993).  In  the  current 
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study^  mean  conceniraiions  of  glucose  did  incressc  prepanum  in  bST  treated  cows. 
Concemrations  of  glucose  also  were  greater  during  the  preporrum  period,  whereas,  after 
parturition  there  was  a declitte  observed  in  glucose  concenlration.  Furthermore,  cows 
treated  with  a much  greater  dose  ofbST  during  prttpanum  period  had  significantly  higher 
glucrrsc  conccntraliona  (Putnam  etaJ..  1999).  Although  no  prepartum  increase  in  DM! 
was  observed  in  bST  injected  compaired  to  uninjecled  groups  of  cows  in  the  currcnl 
expen  mcni.  decreases  in  glucose  oxidation  and  a reduction  in  the  use  of  glucose  in 
peripheral  tissues  likely  was  the  reason  for  the  greater  concentrations  of  glucose 
prepartum  in  the  bST  injected  group  (McDowell  ct  ah,  I9S7).  McDowell  (1991)  also 
reported  thoi  hepatic  glucose  production  fnam  pregrionate  was  enhanced  during  bST 
Irealmem  piobably  because  the  ability  oflNS  to  inhibit  liver  gluconeogmesis  is 
negatively  ufreciedbybSTtreatniemsfSechen  el  ah.  1990).  As  a result,  it  was  expected 
that  glucose  concentradons  ofbST  treated  cows  would  be  greater  than  in  controls. 

A decrease  in  use  of  glucose  by  non.mammao' tissues  increases  availability  of 
glucose  for  mammary  use  mainly  as  a source  of  energy  and  milk  coitiponenl  synthesis. 
Increased  concentration  of  glucose  also  would  be  expected  where  greeter  concenintlions 
ofTNS  were  seen,  as  during  bST  injeclions  of  cows  during  the  prepanum  period.  Greater 
availability  and  higher  concentrations  of  glucose  due  to  bST  injections  dunng  Ihe  dry 
period  without  a charge  in  glucose  exlraccion  by  the  mammary  gland  may  have  resulted, 
either  directly  or  Indirectly.  In  greater  concentrations  offNS  In  cows  ofihe  same 
trealment  group.  Because  more  glucose  was  avruluble  from  synthesis  or  reduced 
peripheral  ulilizacion  (due  ro  reduced  peripheral  tissue  response  to  INS),  more  INS  might 
have  been  synthesized  and  secrelcd  to  regulate  blood  glucose.  On  the  other  hartd.  decrease 


in  concmnuicms  of  glucose,  end  no  change  in  concenliaiion  of  INS  during  early  laclalion 
might  have  been  due  to  less  availability  of  glucose  in  peripheral  circutalion  because  of  the 
exlremcly  high  demands  by  the  mammary  gland  cells  for  symlhesis  of  milk  lactose. 
Although  bST  injected  cows  produced  significantly  mom  milk  during  early  lactation, 
these  cows  still  were  able  to  maintain  nearly  stable  concenlralions  of  glucose  in  plasma 
alter  parturition.  Moreover,  the  additional  increase  in  MY  in  bST  injected  cows  did  not 
cause  a decline  in  concentrations  of  glucose  in  the  circulation  compared  to  control  group. 

Under  most  feeding  situations,  energy  is  the  major  limiting  nutrient  for  high 
producing  cows.  High  yielding  dairy  crows  are  in  negalive  energy  balance  for  up  to  8 to  1 0 
wk  postpartum  and  there  is  mobilization  of  body  fat  to  provide  the  equivalent  of  about 
30%oflhcencrgy  found  in  the  secreted  milk  (Mtqrham,  1987).  This  occurs  even  when 
cows  are  fed  adequately  formulated  diets  ail  lihiium.  Because  of  the  increase  In  demand 
for  energy  and  nutrients  uftcr  calving,  it  is  important  that  preparation  for  the  lactation 
begins  prcptrrtum.  The  maternal  tissues,  especially  during  the  Iasi  trimester  of  pregnancy, 
mostly  rely  on  the  metabolism  ofNEFA  and  ketone  bodies  because  glucose  is  used 
largely  forconccplus  melabolism  (Bell.  I99S).  Thus,  increased  mobilization  ofNEFA 
during  the  late  prepanum  period  is  essential.  Decreased  ability  of  INS  to  promote 
llpogenesisand  lo  oppose  lipolysisiesulls  In  decreased  ileirmn  synthesis  of  TG  and 
reduction  in  the  rc-esierificationoffauy  acids  arising  from  iheTC  (Vcmonetal..  1990). 
Reduced  DM1  of  ruminants  before  calving  also  is  associated  with  greater  occurrence  of 
NEFA  mobilization  from  adipose  tissue  before  calving  (Forbes,  1986).  In  the  curreni 
study,  low  concemraliorrs  ofNEFA  in  plasma  wem  detected  up  lo  the  final  week  of 
pregnancy.  During  this  final  week  of  pregnancy  a sharp  increase  in  concentration  of 
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NEFA  in  plasma  was  seen  for  cows  in  all  Irealmeni  groups  (Figure  4>S).  During  liic 
overall  posrpanum  sampling  period.  corKmutraiions  ofNEFA  declined  after  parrurilion 
but  sliil  were  more  than  double  the  prepartum  concentiatiaos.  Concentrations  ofNEFA 
tended  tobchighn  during  the  first  week  following  parturition  in  cows  injected  with  bST 
but  then  concentrations  declined,  os  they  did  in  untreated  emvs.  TypicaJly.  lower 
utilization  of  glucose  and  low  energy  intake  results  in  greater  blood  concentrariorts  of 
NEFA  arvd  ketones  during  late  dry  period  (Pettersnn  et  ah,  1994),  Traitsition  from 
pregnancy  to  lactation  is  chanicterized  by  a sharp  increase  in  flow  ofNEFA  Into  plasma 
from  adipose  tissue  and  concentialions  ofNEFA  in  plasma  and  adipose  tissue 

release  ofNEFA  may  be  due  to  increased  lipolysia  driven  by  adrenergic  stimulation 
around  parturition  (Crummer,  1993).  Furthcnnorc,  the  metabolic  pathways  of  de  novo 
fatty  acid  synthesis,  plasma  TG  uptake  and  fatly  acid  esleriftcaiion.  and  the  acliviliea  of 
the  enrymea  controlling  them  are  greatly  reduced  during  late  prepartum  ortd  early 
laclation  periods  (McNamara.  1991).  (n  addition,  reduced  fNS  receptors,  second 
messenger  or  lower  aclivily  of  INS  protease  on  adipocytes  also  may  be  responsible  for  the 
further  increase  in  plasma  eonccnimiiuns  ofNEFA  during  this  lime  period  (McNamais. 
1995).  So  all  these  aciioiia  would  favor  availability  ofNEFA  Ibr  uae  by  peripheral  tissues 
(rather  than  use  of  glucose)  because  glucose  is  conserved  for  mammary  use  during  Ihe 
iaclating  slage. 

Mtlk.3.5%FCMandSrM  Yields 

It  is  imponani  to  improve  milk  yield  of  cows  in  eommereial  dairy  herds.  One  of 
Ihe  purposes  of  this  study  was  to  modulate  or  perturb  the  metabolism  of  cows  in  order  to 


increase  miLk  produciion.  Thus,  this  research  was  done  to  study  the  eHeclsof  i)  low  dose 
ofbST,  ii)  30  d and  60  d dry  periods,  and  iii)  prepanuin  anionic  and  cationic  dielsto 
dctcnnineifanyorconihinationorthcsc  treatments  were  beneRcial  for  the  health  and 


sheep,  goals,  pigs,  rats  and  humans  (Elherton  and  Bauman.  1998).  However,  most 


injected  with  POSILAC®  are  increases  of  10-lS  % (~4  to  6 kg/d),  up  to  40%  in  MY  was 
during  early  lactation  and  use  of  bST  was  recommended  for  the  last  80  % of  the  lactation 


of  dairy  cows  (Elherton  and  Bauman,  1998).  A few  studies  reported  on  use  of  a full  dose 
of  hST  (POSILAC®)  that  started  as  early  as  10  d following  pamiriiion.  Yet.  when  a full 
doscofbST  was  injected  into  cows  when  Ihe  E&  was  negative,  MY  still  increased  but  it 

(Moallem  et  al„  1996).  Furihennorc,  treating  high  yielding  dairy  cows  wiihbST  during 
early  luclation  extended  Ihe  duration  NEB  and  BCS  loss  by  2S-28d  (Moallem  ct  al.. 
2000).  Thus,  NEB  was  more  severe  when  a Rill  doseof  bST  (SOO  mgbST/l4d)  was 
injected  into  dairy  cows  during  early  lactalioa  However,  when  Stanisiewski  el  al.  (1991) 
injeetedcows  withS  mg  or  l4mgbST/d  from  14  d postpartum  through  60  DIM,  the 
injected  cows  produced  more  FCM  than  controls  and  the  cows  receiving  S mg  bST/d 
maintained  BCS  as  well  as  the  umnjeclcd  controls.  In  another  study  a lower  dose  ofbST 
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was  injecled  prepanum  and  postpailuni  (tS.3  mgbST/d)  that  resulied  in  Increased  DMI 
orcowsanec  ponurilion  (Gulay  el  al.,  2000).  Also,  there  was  less  decrease  in  BCS  and 
BW  and  injected  cows  also  produced  numerically  grealer  daily  MY  and  FCM  than 
uninjecied  conliols  (Gulay  et  al..  2000).  Thus.  useordilTerenl  amounu  orbST  during 
propanum  and  early  poslpariura  periods  appears  lo  have  the  potential  lo  improve 
lactational  perromiancc  during  early  lactation  and  the  results  of  this  study  (Gulay  et  al., 
2000)  encouraged  use  of  low  dose  of  bST  during  the  transition  period  in  an  attempt  lo 
poutively  affect  metabolism  and  increase  subsequent  milk  production  of  transition  cows. 

In  the  current  study,  cows  injected  wiihlO.2  mg  bST/d  prepanum  and  during  the 
early  postpartum  period  did  produce  6.6fi  more  milk  and  7,6%  more  3.5%  FCM  than 
uninjecied  herdmates  in  the  control  gmup  during  the  first  70  DIM  (Figure  4-6).  Treated 
cows  started  lactation  with  higher  daily  yields  of  milk  which  continued  throughout  Ihe 
first  70  DIM.  Prepanum  and/or  postpartum  changes  in  circulating  concentrations  of  ST, 
IGF-1,  INS  and  glucose  were  beneficial  lo  Ihe  cow  during  Ihe  transition  period  and  dunng 
the  laclating  phase.  Somatotropin  is  a homeorhelic  controller  alTecting  numerous  target 
tissues  and  it  shifts  the  partitioning  of  nulnenis  among  various  tissues.  Smnatotropin 
ircaunenr  also  reduces  Ihe  tissue  responsiveness  to  INS.  It  also  reduces  the  use  of  glucose 
for  fui  deposliion  and  fatty  acid  synthesis  m adipose  tissue  lo  support  Ihe  increase  in  milk 
synthesis  in  laclating  animal.  Funheimore.  ST  silmulaies  cell  proliferalion.  an  cITcci 
mediated  by  IGF-I.  As  suggested  previously,  increased  concentrations  oflCF-I  might 
have  increased  mammary  cell  numbers  and/or  increased  cell  dincrcniialion  during 
prepanum  and/orearlylaclalion  periods  (Putnam  el  al.,  1999).  Long  leim  injeclion  with 
bST  increases  voluntary  intake  of  DM  and  this  incretisc  persists  dunng  the  lime  interval 
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Chat  bST  is  supplenienlcd.  Although  bST  injocled  cows  had  grealer  amounu  of  milk 
and/or  3 PCM,  these  cows  lost  the  same  amount  orBW  and  BCS  compared  to 
uninjected  cows.  Thissuggesis  that  there  was  more  cfllcicni  produettonofMY  and 
greater  OMI  during  the  lactahon.  especial  ty  aher  cows  had  achieved  neutral  or  positive 
energy  balance.  Thus,  the  changes  in  concentrations  of  metabolic  hormones,  endogenous, 
and  as  a consequence  of  bST  injection,  had  positive  elTectson  DMI.  BCS,  BW  and  MY 
of  cows. 

Early  posiparlum  treatment  ofdairy  cows  (d  14  aher  calving)  with  5 or  14  mg 
bST/d  stimulated  Increase  in  FCM  yields  (Stanislewski  Cl  al.,  1992).  Richard  el  al. 
(1983)  also  reported  a 689  inctease  in  MY  when  cow's  were  injecled  wilh  SOIUofbST 
starting  20d  posipanum.  In  the  same  Irial,  milk  fat  also  was  elevated  by  25  %.  Moallem 
el  al.  (2000)  reported  over  a 12%  increase  in  MY  when  full  dQseofbST  (500  mg  for 
every  14  d)  was  injected  Itom  10  to  1 50  d postpartum.  However,  Eppard  et  al.  (1996)  did 
not  see  an  increase  to  MY  when  they  injected  Hol^etn  and  Jersey  cows  during  the 
prepanum  period  with  a full  standard  dose  ofbST  (POS(LACfii).  Maybe  Ihc  latter  result 
occurred  because  cows  aJso  were  used  for  milk  fever  induction  and  plasma  concentralions 
of  ST  and  ICF-I  in  treated  cows  failed  to  increase  mom  than  occurred  in  uninjecled 
control  cows.  In  the  current  study,  all  cows  received  the  full  doseofbST  at  '60  d in 
lacialion.  but  bST  injecled  cows  still  had  grealcr  daily  MY  at  ISO  d.  Cows  in  both 
injected  andconirol  groups  showed  increased  pemislency  in  yield  over  the  sampling 
period  (ISO  DIMI.  and  wem  still  producing  over  35  kg/d  milk  at  Ihisiime.  However, 
cows  injected  wilh  this  relatively  low'  prepanum  and  postpartum  dose  of  bST  responded 
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10  the  full  dosoof  preponum  and  poatpanum  bST  injccUona  better  than  cows  in  the 
conijol  group  because  yield  of  milk  for  the  trealed  cows  slill  were  greater  (Figure  4>6). 

The  rncchtmism  by  which  ST  atTects  mammary  gland  function  likely  involves  the 
IGF'I  system.  Administration  ofbST  increases  ciroulaiing  ccmccniiations  of  1GF<I  and 
IFGBP-3  and  these  parallel  the  increase  in  MY  (Bauman  and  Vernon.  1993).  One  of  the 
effects  that  is  mediated  by  IGF-1  is  increased  cell  proliferation  (Rechler  and  Nissley, 
1990).  BaumiuckcT  and  Slcmberger(l989)  reported  that  ICF-I  stimulated  DNA  synthesis 
in  cultured  mammary  cells  obtained  from  both  pregnant  and  laclating  cows.  Thus, 
increased  concentrations  onGF*l  inbST  treated  cows  during  the  prqranum  and 
postpartum  periods  might  have  increased  mammary  cell  numbers  during  prcparium 
and/or  early  laclalton  period  (Pulnom  ct  al..  1999).  As  a result,  incmasc  insccmtorycell 
numbers  would  have  resulted  in  greater  MY  when  activity  of  these  cells  was  further 
enhanced  by  the  full  dose  ofbST.  even  though  it  followed  a lower  dose.  Fanhermore, 
when  OMI  Increases  during  laler  stage  oflactation.  more  nuirieni  supply  would  have  been 
available  for  die  cells  which  would  further  suppon  milk  production. 

Results  of  the  currcnl  study  indicated  that  cows  treated  prEpaniim  and  postpartum 
with  bST  did  have  greater  mean  milk,  3.5  5k  FCM.  and  SCM  yields  than  control  cows 
during  first  10  wk  (Figure  4-6).  However,  no  dilTcronccs  were  observed  in  pereemngesof 
protein  or  fat  in  the  milk.  The  two  treatment  groups  of  cows  had  essentially  the  same 
DMI  throughout  the  first  4 wk  posipunum  and  no  dilTcrences  in  their  BW  or  BCS  were 
delected.  Simpson  el  al.  (1992)  administered  GRF  prepartum  lo  beef  heifers  to  increase 
secretion  ofST  before  parturition  and  during  early  locioiion.  Trealed  heifers  lost  more 
BW  and  bad  delayed  ovarian  activity,  whereas  no  dinbrcncc  was  observed  in  MY.  When 
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cows  wen:  injected  with  20.6  mg  bST/d  suiting  4-9  d postpartum,  no  slgnificam 
difTeiences  were  detected  in  MY  of  control  or  bST  treated  cows.  Unfortunately,  the 
cows  assigned  to  bST  had  lower  MY  potential  than  controls  based  on  the  rale  and  eslenl 
of  decline  in  MY  alter  cessation  ofbST  injection  (de  BocretaU  1991  j.  In  another  trial, 
when  Holstein  cows  received  0,  S or  14  mgbSTId  during  the  last  46  d before  parturilton. 
no  dilTerences  were  detected  among  treatments  In  SCM  during  subsequcnl  laeution 
(Simmons  et  al.,  1994).  Exc^t  for  the  cows  Ireaied  with  5 mgtd  ofbST  during  wk  I Oof 
laclaiion.  EB  was  negative  for  all  cows  during  the  first  70  d of  lactation.  On  the  other 
hand,  studies  from  our  laboratory  suggested  positive  metabolic  changes  that  were 
benelicial  to  health  and  performance  of  the  cows  injected  with  bST  during  both 
prepanum  and  postpartum  periods  (Garcia  el  al.  2000;  Culayei  al..  2000).  Garcia  el  al. 
(2000)  reported  that  prepartum  and  postpartum  injections  of  only  5.1  mg  ofbST/d 
increased  DMI.  MY  and  elTlciencyofmilk  produciion  during  the  lirsl  60  DIM.  Injections 
of  I5.3mg  bST/d  before  and  after  parturition  increased  DMI  of  cows  following  calving 
allowing  Healed  cows  to  recover  BW  and  BCS  more  rapidly  during  early  lactation  even 
though  these  cows  also  produced  numerically  grcaicr  daily  MY  and  3.576  FCM  IGulay  el 
al..  2000).  During  ircaimcni  wiihbST.  DMI  increa.se  typically  occurs  within  3lo8  wk 
and  supports  the  cows  ability  to  increase  MY.  In  the  current  study,  the  relative  increase 
in  MV  ofbST  heated  cows  was  greater  than  the  increase  in  DMI  compared  to  untrcoled 
cows.  Moieover.  BW  and  BCS  loss  was  not  affected  by  bST  treatment.  This  implies,  bul 
does  not  prove,  there  was  an  increase  in  feed  cfliciency  especially,  during  the  early  weeks 
of  the  postpartum  period  in  ibe  bST  injected  cows  and  Ibis  was  the  source  of  energy  and 
nutrients  needed  to  allow  for  this  increase  in  milk  production. 
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Asmeniioncd  earlier,  when  studies  were  conducted  that  useddinereni  doses  of 
bST  during  prepanum  and/or  early  poslpatiuin  period  results  differed  with  respect  to 
metabolic  responses.  The  variable  results  within  and  among  trials  that  evaluated  use  of 
bST  during  eilher  pmparluni  or  poslpanum  periods  may  have  been  due,  in  pan.  Ic 
differences  among  the  doses,  diets  the  cows  were  fed,  or  due  to  differences  in  BW  and 
BCS  of  the  cows  during  the  early  phase  of  lactation.  In  some  studies,  bST  failed  to 
increase  cuncenirationsofST  and  /or  IGF.t  in  the  peripheral  circulation  (Bachman  ei 
a!..1992.  Eppardeta)..  IJ96).  Eppard  el  al.  (1996)  did  nol  observe  increased  MY  of 
prepanum  bST  injected  Holstein  and  Jersey  cows  possibly  because  cows  also  were  fed 
diets  io  induce  milk  fever.  Furthermore,  a high  doseofbST  during  early  poslpanum 
period  usually  increases  the  length  of  lime  cows  arc  in  NEB.  and  there  is  greater  loss  of 
BW  and  BCS  even  though  an  increase  in  DM1  probably  occurs  (MotUIem  el  ah,  1996; 
Moallem  et  ah,  2000).  If  pan  of  the  increase  in  MY  results  from  greater  mobilizalion  of 
bodylissue  reserves,  then  good  BCS  (3.25-3.75;  Noceket  ah.  1983)  is  critical  if  they  arc 
to  be  injected  with  bST  prepanum  and/or  poslpanum.  Clearly,  cows  injected  with  bST 
require  good  monagemcnl  and  adequate  nurntion  to  produce  and  reproduce  well  because 
the  increase  in  DMI  and  hence  nutrients  available  to  die  cow  to  support  lactation  is 
delayed. 

On  the  other  hand,  Ircabncni  with  bST  during  bolh  prepanum  and  poslpanum 
periods  likely  causes  melabolic  changes,  such  as  increased  lipolysis  and  gluconeogenesis 
and  increased  plasma  concentrations  of  ST.  IGF-J  and  T,  after  paiturilion  dial  are 


beneficial  to  health  and  performance  of  the  cows  (Gulayeiah,  2000).  In  their  study, 
prepanum  and  poslpanum  injections  of  1 5.3  mg  bST/d  increased  DMI  of  cows  after 


panurition,  and  there  was  less  decrease  in  BCS  and  BW.  Cows  recovered  BW  and  BCS 
more  rapidly  during  early  laclalion  which  indicated  they  reached  positive  EB  more 
quickly  and,  in  part,  this  allowed  injecled  cows  to  produce  numerically  greater  daily  milk 
raid  3.5%  FCM  yields,  to  addition.  Garcia  ef  al.  (2000)  reported  that  injections  of  S. I mg 
ofbST/d  before  and  afier  parturition  increased  MY  and  calculated  efficiency  of  milk 
production  during  the  early  laclalion  period  (dOd).  Hence,  low  dose  ofbST  during 
prcparliim  and  postpartum  periods  might  hove  the  potential  to  increase  MY  with  no 
negative  effect  on  BW  or  BCS  of  injected  cows 

Typically,  Ihc  gross  compos!  lion  of  milk  is  not  altered  during  bST  treatment  of 
cows  (Bauman,  1992;  Chalupa  and  Galljgan.  1989).  However,  the  changes  in  hiC 
percentage  seen  in  response  to  bST  treatments  will  vary  with  Ihe  energy  status  of  the 
injected  animals.  When  animals  are  in  NEB  during  periods  of  somatotropin  injections, 
percentage  of  fat  in  milk  also  lends  to  increase  as  MY  increases.  Thus,  iruseofbST 
during  early  laclalion  irKreases  energy  deficit  to  a greater  enieni  and  for  a longer  duration, 
it  likely  would  result  in  increase  in  fat  peicenioge  in  milk  (Bauman  and  Vernon,  1993),  tn 
Die  current  study,  no  changes  in  milk  composition  (fat  or  protein  %)  were  detected  up  to 
70  DIM.  After  this  lime  period,  cows  likely  would  be  in  positive  energy  bnlnnce.  This 
fact  alone  suggests  that  apparent  difTerenccs  in  Ihc  energy  staius  of  the  injecled  artd 
unmjecled  cows  were  not  great  during  the  milk  sampling  period  (1-  10  wk  postpartum), 
and  agree  with  the  facts  there  were  no  changes  in  mean  BW  and  BCS  during  Ihis  time 
period.  As  a result,  the  low  doseofbST  trcatmeni  lhal  increased  MY  seemed  to  be 
wilhoui  ncgaiive  elTecis  on  ihe  energy  staius  of  the  treated  cows  and  implied  ihel  DMI 


increased. 
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Theamoumofbody  rsle«lmal«dbyBCS  Is  a good  indicalororuic  energy  Uui  is 
available  during  lactation  to  support  body  maintenance  and  milk  production.  This 
indirectly  deaenbes  supply  of  energy  potentially  available  to  provide  for  the  dirTercncc 
between  dietary  energy  inlake  and  the  requirements  for  body  maintenance  and  milk 
production  (Gearhart  ct  al..  1990).  Energy  intake  to  increase  aeerotion  of  body  tissues  and 
Ihus  BCS,  or  energy  arising  from  tissue  mobilization  to  Suppoil  milk  production  will 
depend  upon  the  starting  and  ending  BCS(NRC.  1996).  One  unit  change  in  BCS  (scale 
thin*l,  moderate«3,  fat«5)  was  estimated  to  be  equivalent  to  56  kg  (Ono  ct  al..  1 991)  or 
41. 6 kg  (Seymour  and  Polan,  I9S6 ) live  body  weight  change.  Similar  decrease  in  BW 
artd  BCS  and  similar  recovery  of  these  in  bST  injected  and  uninjected  cows  during  the 
current  study  suggests  that  increase  in  MY  in  the  bST  injected  cows  follows  an  increase 
in  DMI  and/or  efliciency  of  uiili/aiion  of  ingested  nutrients  (DMI)  in  these  cows  later  in 
lactation. 

Although  fat  and  protein  percentages  in  milk  ofbST  treated  cows  did  not  differ  in 
current  study,  cows  Treated  prepartum  and  postpartum  with  bST  did  show  lower  SCC 
levels  in  milk.  Increased  MY  of  cows  usually  is  associated  with  increases  in  SCC  in  milk 
(White  etaL,  1994).  Somaliccell  count  is  higher  in  mastillo  glands  due  to  damage  oftight 
Junctiona  of  cells  due  to  inflammation  (Burvenich  et  al.,  1999).  Thus,  increases  in  milk 
SCC  can  be  used  as  an  indicator  of  bovine  mastitis.  Various  types  of  stress  have  been 
implicated  as  causing  increases  in  SCC.  However,  attempts  to  csperimenlally  induce 
stress  in  uninfected  cows  has  shown  only  modest  or  no  elfects  on  SCC.  Although  SCC  of 
milk  from  heat-stressed  cows  mcrea.ses,  some  of  this  increase  maybe  due  to  decreased 
milk  production  because  of  the  heal  stress  (Paape  el  al.,  1973:  Paapcclal..  1979). 
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Scunalic  cell  counU  generally  are  lowasi  during  Ihe  winter  and  highest  during  the 
summer.  High  temperature  and  humidity  do  not  directly  cause  increases  inSCC.  Rather, 
the  increase  in  SCCisdue  to  greater  eaposura  of  teat  ends  to  pathogens,  which  results  In 
more  new  infections  and  cUnicai  cases  during  the  summer  months  (Harmon,  1994).  In 
addition,  cows  undergoing  significant  heat  stress  lend  to  have  reduced  immunity, 
resulting  in  greater  SCC  and  higher  rales  of  clinical  mastitis  (Wagner  el  aU  1976), 
Although  it  has  been  demonstrated  tlial  there  is  a slight  increase  in  mastitis  in  laclaling 
cows  Ircaicd  with  bST,  this  increase  is  associated  primarily  with  the  increased  MY 
(While  cl  a).,  1994).  AcIuaJly,  it  has  been  suggested  that  ST  has  a potential  role  in 


preventing  mastitis  in  ruminants  Increased  concentrations  of  endogenous  ST  are  seen  in 


cows  during  eaperimenially  induced  mastitis  (Burvenich  et  a)..  1999).  Moreover, 
treatment  of  cows  with  bST  during  1 0 consecutive  days  slarling  2 d afler  expenmenially 
induced  E,  coli  mastitis  showed  they  had  herter  ability  to  recover  from  colifomt  mastitis 
than  placebo  cows,  and  recovery  was  more  pronounced  in  the  treated  cows  (Vandepuie  el 
al.,  1993).  However,  beneficial  effects  were  limited  to  severe  mastitis  (Burvenich  et  al., 
1999)  which  suggests  that  ST  seems  to  protect  the  blood-milk  barrier  and  reslorc  the 
inlegriiyoflhe  light  junctions  in  the  mammary  epithelium  of  an  inflamed  mammary 
gland.  This  may  occur  because  of  positive  effects  of  ST  and  IGF-I  on  the  cyloskelelon. 
tubular  rtiRNA  and  for  cytoskeletal  organisation  as  observed  in  rals  (Gob  cl  al..  1 997; 
Bcrfield  et  al„  1997).  In  addition,  administration  ofbST  lo  lactuling  cows  increase 
absolute  leukocyte  counts  in  blood  (Elvingerel  al.,  1991).  In  the  current  sludy.  SCC  of 
cows  Uiraicd  prepanum  and  posipuitum  with  a low  dose  ofbST  was  significantly  less 
even  though  MY  of  the  treated  cows  was  greater.  This  implies  there  was  a positive  cffecl 
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otbSTon  loul  see  in  ihemilki,  perhaps  because  of  some  unmeasured  combination  of 
efTecla.  as  described  previously. 


Dry  period  length  has  been  addressed  in  n few  designed  trials.  The  most  critical 
problem  for  the  evaluation  ofdilTerent  dry  period  lengths  is  the  relationship  between  days 
dry  and  subsequent  milk  production  (Sorensen  et  al.,  1993).  it  is  assumed  that  when  a 
cow  is  dried  oHl  the  loss  in  the  current  lactation  will  be  compensated  for  by  greater  milk 
production  during  the  following  lactation.  However,  the  process  of  parturition  and 
initiation  oflactation  are  eatremely  important  events  that  are  associated  with  many 
problems  that  may  result  in  removal  of  the  individual  cow  Irom  the  herd  or  in  greatly 
reduced  milk  production,  especially  early  in  the  lactation.  So.  shortest  possible  dry  period 
that  would  allow  maximum  milk  production  after  parturition  must  be  idenliiicd  and 
evaluated.  Indeed  these  are  only  a limited  number  of  studies,  experimental  and 
obscrvatloiul,  thot  have  been  conducted  to  establish  Ihe  nssocialion  between  minimum 
days  dry  and  maximum  milk  yield  in  Ihe  lactation  that  follows  the  diy  period. 

Fifly.five  to  60  d dry  period  length  ha.s  been  recommended  for  use  based  on  the 
fact  that  this  would  maximize  production  in  the  following  lactation  (Coppock  el  al.,  1974; 
Dias  and  Allaire,  I9g2;  Klein  and  Woodward.  1943;  SchoefTer  and  Henderson.  1972). 
However,  the  cuireni  study  did  not  detect  either  a beneiil  in  setting  the  dry  period  al  60  d. 
Cows  in  30  d dry  group  (5950±i  17  bg)and  30  d dry*  ECP  group  (5857±150  kg) 
pmduced  as  much  milk  as  cows  in  60  d dry  group  <S83S±I44  kg)  at  ISO  DIM.  Moreover, 
30  d dry  groups  produced  an  additional  ~SI0  kg  milk  during  Ihe  extended  30  d lactation 
period  before  they  were  dried  ofT.  These  results  agreed  with  those  previously  reported 
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(Bechman.  2002;  Schoircr,  2001).  [n  Lhdr  studies  cows  (r«I3;  34  d dry)  produced  as 
mucb  milk  as  their  herdmales  that  had  37  d dry  period  (n=19).  The  overall  milk  yields  for 
boUi  short  and  long  dry  periods  were  about  9125  and  8986  kg  at  305  DIM  (Bachman, 
2002).  Moreover.  10  cows  produced  about  1 1.194  kg  milk  following  a 32  d dry  period, 
whereas  9 cows  with  61  d dry  period  iiom  the  same  herd  produced  I0.S5I  kglSchairer, 
2001).  These  authors  indicated  that  shorter  dry  periods  can  be  a prolitable  practice  for 
dairy  farmers.  Between  lactations,  a nonlactating  period  is  necessary  for  optimal  milk 
pioduclion  during  the  following  lactation  On  the  other  hand,  follow  up  research  should 
be  done  to  study  the  effect  of  short  dry  period  on  long  time  health  and  longevity  of  these 

Earlier  recommendations  were  that  dry  periods  should  not  be  less  than  50  d. 

Klein  and  Woodwork  (1943)  utilised  1139  lactation  records  from  Dairy  Herd 
Improvement  Associalion  (DHIA)  to  study  diy  period  length.  They  found  that  the 
optimum  diy  period  was  55  d;  cows  producing  -5000  kg  of  4%  FCM  with  12  mo  calving 
interval  (Cl).  They  made  this  recommendation  even  though  average  milk  production  for 
40  to  49  and  60  to  69  d dry  periods  did  not  differ  significantly  from  the  55  d dry  period. 
Schaeffer  and  Henderson  (1972)  concluded  that  cows  with  dry  periods  of50'59d  had  the 
highest  milk  production  during  the  subsequent  lactation.  Moreover.  Funk  etui.  (1986) 
reported  that  cows  dry  for  60  to  69  d produced  signillcanlly  more  milk  (-459  kg)  in  the 
subsequent  lactation  ihan  cows  dry  for  40  dor  less.  Effects  of  days  dry  on  milk  yields  of 
fust  (0=1 1583).  second  (n=7143)  and  third  (n*6l02)  lactation  Holstein  cows  from 
Zimbabwe  and  North  Carolina  were  evaluated  by  Maku/a  and  McDaniel  (1996).  Milk 
yields  for  30-39. 40-49  and  50-59  d dry  cows  were  610. 633  and  202  kg  less  than  for  60  d 


dry  periods  in  both  locations  and  Uieie  was  little  advantage  observed  for  dry  periods 
longer  than  60  d.  Observational  data  will  be  affected  by  many  factors,  in  addition  to  dry 
period  length,  that  are  highly  related  to  subsequent  milk  production.  For  example,  daU 
from  existing  records  olten  will  not  irKlude  the  reason  why  a specific  cow  was  dried  off 
earlier  than  other  cows  or  why  cows  were  dried  late  (<60  d).  Some  cows  cease 


insufneient  milk  production.  Thus,  the  reason  why  cows  had  shorter  dry  periods  most 
often  cannot  be  learned  from  the  milk  yield  records.  Cows  with  short  dry  periods  also 
may  include  those  cows  that  calved  early  due  to  physiological  problems,  sickness  or 
exposure  to  heat  stress,  among  ethers.  This  would  bias  the  estimated  elTeclofdaj^  dry 
on  milk  yield  in  the  subsequent  laclalion  because  ofpotemial  or  actual  problems  during 
early  laclalion  associated  with  early  calving:  this  would  afTccl  the  lactational 
performance.  As  a result,  flaws  in  record  analysis  may  produce  a bias  in  the  milk 
production  records  and  this  may  result  in  insufficient  inlbrmation  to  adequately  eaiimale 
the  true  effects  ofdry  period  length. 

On  the  other  hand,  early  experimental  studies  also  recorrunended  a 50  lo60d  dry 
period.  In  one  study.  Swanson  (1965)  used  five  pairs  of  identical  twin  dairy  cows.  One  of 
each  pair  of  identical  twins  was  given  at  least  an  S wk  diy  period,  wheroas  other 
pairmates  were  milked  continuously  for  two  consecutive  lactations.  Average  milk  yield  of 
the  continuously  milked  twins  in  the  second  and  third  laclationa  was  75  and  62%  of  the 
control  twins  that  had  *,60  d dry  period.  In  another  study,  two  quarters  of  each  mammary 
gland  of  2 cows  were  milked  continuously  wMIc  the  other  Iwo  quarters  within  the  same 
cow  were  dried  off  lot- 60  d before  expected  parturition  (Smith  etal.,  1967).  The 


'will  dry  olTcowa  early  because  of 
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quanere  allowed  Ihediy  period  of  8 loO  wk  produced  40%  more  milk  in  the  subsequent 
lactation  (Smith  et  aJ^  1 967).  However,  both  trials  had  too  few  cow  numbers  and  these 
only  showed  the  need  for  a dry  period  not  the  dry  period  length.  The  only  conclusion 
from  many  of  these  studies  would  be  that  mammary  gland  benefils  from  a dry  period. 

Studies  using  a designed  espcrimcntnl  protocol  and  utilizing  larger  numbers  of 
cows  have  been  conducted.  For  example.  Coppocketal.  (1974)  conducted  a 42‘mo  (ield 
trial  to  evaluate  the  elTects  of  dry  period  length  on  later  milk  production.  Cows  were 
assigned  to  Ireaunenis  of  20. 30. 40.  SO  or  60  d dry  periods.  Although  the  cow  numbers 
were  high  (n=l  019).  only  305  cows  ('30  %)  completed  lhe42*nto  study.  At  the  end  of 42 
mo  they  concluded  that  cows  averaging  less  than  a 40  d dry  penod  produced  450  to  680 
kg  less  milk  in  the  subsequent  lactation  compared  to  cows  having  dry  periods  of  40  d or 
longer.  However,  dry  period  lengths  were  allowed  to  have  ±10  d range  in  each  ^irp. 
Therefore,  a cow  in  30  d dry  group  could  hove  had  a dry  period  ranging  from  20  lo  40  d. 
Importantly,  the  average  length  of  days  dry  between  cows  assigned  to  20  and  50  d dry 
could  have  been  only  10  d.  This  could  have  seriously  biased  the  estimated  effect  of  the 
dry  period  length  on  subsequent  milk  production  because  the  actual  days  dry  varied 
greatly  within  the  individual  groups (Coppock  eta)..  1974). 

As  described,  there  is  a little  doubt  that  cows  need  a dry  period  if  they  are  lo  reach 
maximum  possible  MV  that  is  determined  by  genciics  and  management.  The  exact  length 
of  time  needed  for  the  dry  period  has  not  been  established  dehniiivclyand  likely  is 
imponantly  influenced  by  the  lime  needed  for  mammary  involution.  The  lime  course  and 
degree  of  mammary  involution  that  occurs  in  cows  difTets  noticeably  6om  that  seen  in 
rodents  (Capuco  cl  al.,  1997)  which  makes  it  difficult  to  model  and  evaluate  the  correct 


dry  period  length  for  cows  by  usbg  u rapidly  reproducing  short  Isctalion  species. 
Involution  of  the  memmory  gland  occurs  at  a slower  rale  and  alveolar  structure  is 
matnioirtcd  for  a greater  portion  of  the  period  of  involution  in  dairy  cows  than  in  rodents 
(Capuco  and  Akent.  1999).  Moreover,  it  has  been  proposed  that  the  process  of  mammary 
involution  iscompleled  by  25-d  into  the  dry  period  in  dairy  cows.  A nonsecreiory  slate 
was  achieved  at  35  d prepanum  (no  epithelial  cells  containing  secretory  vesicles  or  fat 
droplets  and  mammary  luminal  area  decreased  to  its  minimum)(Capuco  el  ai..  1997).  This 
finding  dilTera  greatly  from  previously  held  view  on  speed  of  and  extent  of  involution  in 
dairy  cows  but  does  support  the  results  obtained  during  the  current  study  based  upon 
lactation  perfomiance-  Shorter  dry  penods  did  not  negatively  alTecl  subsequent 
lactational  performance  compared  to  cows  provided  a bO  d dry  period.  Although  estradiol 
np  injections  have  been  suggested  as  a way  to  increase  rate  of  mammary  involution  in 
cows  (Athie  el  al..  1996),  no  benefits  ofECP  injection  were  seen  in  the  current  study. 
Also,  no  significant  differences  among  dry  period  treatments  were  detected  for  any 
measure  of  MY  evaluated  in  the  current  study.  This  observation  suggests  that  mammary 
gland  involution  and  remodeling  apparently  can  be  conipleled  within  ~ 30  d . Thus,  30  d 
dry  period  should  be  long  enough  to  allow  cows  to  produce  milk  following  parturition 
similar  to  that  of  cows  that  had  essentially  double  the  dry  period  length. 


Anionic  or  cationic  dicis  fed  during  the  prepanum  period  did  not  affect  MYduring 
the  first  2 1 wk  postpanum,  or  MY  or  milk  components  during  the  first  lOwkposlparium. 
Moore  el  al.  (2000)  indicated  that  when  cows  arc  fed  prepanum  diets  that  had  DCAD  of 
15, 0 or -15  mEqfl(X)gofdry  matter,  no  observed  elTcci  on  MY  or  any  milk  constituents 
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ore  observed  from  2 to  10  wk  posTparrum.  On  the  other  hand,  MY  incrcaaee  when  low 
DCAD  diets  are  fed  (-24.7  mEq/lOOg  DM)  prcparlum  compared  with  high  DC  AD  diets 
(t5mEq/|00gDM>(Westetal.,  1991).  In  contrast,  MY  was  not  significantly  improved 
when  a negative  DCAD  diet  (-7  mEq/IOOg  DM)  was  ofTered  3 wk  prepartum  compared 
to  high  DCAD  diets  (+30  and  +33  mEq/lOOgi  DM)  (Joyce  et  al..  1997).  (furthermore, 
lactation  performance  of  cows  was  grcalesi  when  DCAD  was  between  +30  and  +30 
mEq/IOOg  dietary  DM  during  lactation  (Sanchez  et  a)..  1994),  In  Oie  current  experitncnl, 
diet  treatments  effected  no  differences  in  DM)  during  prepartum  or  posqtartum  period  in 
serum  concentrations  of  Ca.  Therefore,  it  seems  that  cither  positive  or  negative  DCAD 
diets  can  be  fed  prepartum  to  Holstein  cows  as  long  as  K in  diet  is  below  1,2%  as  percent 
ordietdtymaller(Go(Tetal..  1997). 

Conclusions 

Injeclions  ofa  low  dose  ofbST  (10.2  mg  bST/d)  during  late  prepartum  and  early 
poslpartum  periods  (-21  to  +23  d)  caused  increased  prepartum  concentrations  of  ST, 
IGF-I,  INS  and  glucose  and  also  postpartum  concentrations  of  ST  and  IGF-1  but  no 
changes  in  poslpartum  concentrations  of  glucose  and  NEFA.  Treated  cows  produced 
moremilk.  3.S%FCM.  andSCM  from  parturition  through  10  wk,  and  milk  through  21 
wk.  When  both  treated  and  untreated  cows  received  a full  doscofbST  (300  mgbST/14 
d)  starting  about  60  DIM  the  increase  in  milk  production  was  maintained  better  through 
21  wk  in  thebST  cows.  The  mechanism(s)  by  which  greater  MY  was  stimulated  by  the 
low  dose  was  rtol  identified  but  undoubtedly  was  the  result  ofa  complex  interplay  of 

factors  including  increased  DMI.  Low  doseofbST  may  have  improved  mamlenanceof 


maramory  cell  activity  and/or  numbers.  However,  it  is  likely  the  effect  is  more  wide 
spread  than  just  in  Ihc  mammary  gland. 

There  was  no  evidence  that  shortening  the  dry  period  to  "30  d caused  a reduction 
in  milk  pitxiuctlon.  All  cows  were  in  adequate  BCS  before  drying  off  (>3.25)  and 
producing  sufficient  amounts  of  milk  (>15  kg/d).  Cows  assigned  to  the  three  diy  period 
treatments  had  almost  identical  luiai  milk  yields  at  the  end  of  the  21  wk  observation 
period.  Providing  ECP  at  lime  of  diy  off  did  not  improve  milk  production  of  30  d dry 
group  throu^  ISOd  Based  upon  milk  production  responses  a - 30  d dry  period  was 
sufficient  time  for  the  mammary  gland  lo  involute,  for  epithelial  cells  to  redifTercntiale. 
and  fora  new  lactation  to  be  established. 

Preponum  diet  treatments  did  not  affect  prepartum  or  postpartum  DMI  and 
subsequent  milk  production  or  milk  composition.  Prepartum  anionic  diet  treatment  did 
not  have  a sign!  fleam  effect  on  plasma  concenlralionsofCa  and  ihe  cationic  diet  was  just 
as  effective  as  the  anionic  diet  for  maintaining  plasma  concenuntions  ofCa  before  and 
after  caJving. 


CHAPTER  5 

GENERAL  DISCUSSION 


Alter  ihe  lerniinalion  of  pregnancy,  iniiiationof  lactation  neccssitoios  a high 
degree  of  imegraiion  between  the  mammary  gland  and  reel  of  the  body.  Lactation  makes 
demands  on  the  body  of  such  a magniltidc  that  the  physiology  of  the  mother  differs 


the  mammary  gland  is  supplied  with  nutrients  adequate  to  sustain  an  appropriaie  level  of 
secretory  activity.  The  metabolic  requirements  are  especially  demortding  in  highly 
selected  dairy  animals.  A Holstein  cow  yielding  40  kg  of  milk  daily  secrclcs  around  2 kg 
of  lactose,  1.4  kg  of  fat  and  1.2  kg  of  protein.  Thus,  daily  feed  intake  (DMI)  increases  by 


more  than  40-50  % in  high  yielding  cows  during  lactation  compared  to  nonlacialing  stale. 
However,  peak  DMI  does  not  occur  immediately  following  parturinon  and  Uierefore. 
increased  nutrient  dcmoitd  of  the  laclaiing  mammary  gland  cannot  be  met  exclusively  by 
increased  DMI.  High  level  of  milk  secrelion  associated  with  high  demand  for  glucose, 
folly  acids  and  amino  acids  generally  gives  rise  to  increased  hepatic  gluccneogenesis.  and 
increased  mohilizalion  of  body  fat  and  protein  reserves.  In  addition,  the  utilization  of 
these  limiting  nutricnis  (glucose,  amino  acids  and  lipid  precuisors)  is  reduced  in  low 
priority  organs  to  support  Increased  mammary  gland  oclivily.  All  these  orchestrated 


needed  by  nutricnis  to  the  mammary  gland.  These  modifications  in  the  partitioning  of 
nutrients  during  lactation  ore  considered  to  be  the  consequence  ofhomeoihetic  control. 
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Metabolic  adapiaiions  of  organs  and  tissues  are  closely  regulated  by  the  alteration 
of  responses  to  homeostatic  controls.  During  early  lactation  there  is  a diminished  whole 
body  utilization  of  glucose  and  a decreased  respon^veness  of  the  lipolytic  system  and 
NHFA  mobilization  to  INS.  Reduced  responsiveness  to  INS  with  the  onset  of  lactation 
decreases  the  ability  of  INS  to  inhibit  gluconcogencsis  in  the  liver  and  to  stimulate 
lipogenesis  in  adipose  tissue  In  addition,  glucose  uptake  in  skeletal  muscles  and  glucose 
oxidation  in  the  whole  body  is  decreased.  Thus,  a moderate  degree  of  INS  resistance  in 
adipose  tissue  and  lean  muscle  mass  protnoles  the  mobilization  ofNEFA  and  amino  acids 
and  ^ares  glucose  for  other  priority  needs. 

Homeorhetic  hormones  are  mostly  responsible  for  regulating  the  molabotic 
adaptations  that  slail  during  the  transition  period  including  partitioning  of  nutrients  to 
adipose  tissue.  liver  and  skeletal  muscle.  Somatotropin  is  an  important  homeorhetic 
hormone.  Along  with  its  powerful  galactopoictic  elfeela.  ST  also  alias  tissue 
responsiveness  to  INS  and  catecholamines.  Reduced  responsiveness  to  INS  decreases 
rates  oflipogcncsis  and  the  activities  of  key  enzymes  such  os  ocayl  CoA  caiboxylasc,  the 
rate  limiting  enzyme  in  fatty  acid  syniliesls  from  acetate  or  glucose.  In  addition,  ST 
dramatically  increases  the  lipolytic  response  to  catecholamines.  High  plasma 
concoiuations  ofST  during  late  pregnancy  may  reduce  INS  receptors  on  adipocytes, 
inhibit  the  action  of  a second  messenger,  or  Inhibit  the  INS  protease  required  for  action  of 
[NS.  Thus,  ST  has  a pivotal  role  as  a homeorhetic  control  on  metabolism  and  nutrient 
paruiloning  (carbohydmies,  lipids,  proteins,  and  minerals)  in  the  cow  during  the  transition 
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Bovine  somaioiropm  (bST)  isone  otthe  unique  products  of  biotechnology  that 
has  been  developed  and  used  on  comntercial  dairy  farms  with  a resultant  exceptional 
increase  in  milk  production  by  dairy  cows  when  injected  during  an  ongoing  lactation. 
Obtaining  a milk  yield  response  to  bST  does  not  require  special  diets  or  different  feed 
ingredients.  However,  treated  cows  do  require  adrxtuatc  amounts  ofa  bulartced  diet  that 
contains  all  nutrients  needed  to  support  expected  milk  production. 

Major  objectives  of  an  efficient  dairy  form  operation  include  a successful 
lactation,  high  milk  yield  relative  to  the  feed  costs,  reproductive  tmmpcirmcc.  and  finally 
Ihe  return  of  the  cow  to  the  BCS  that  existed  before  lactation  so  she  will  be  prepared  for 
another  lacuillon.  In  farm  animals  a milk  yield  response  to  bST  treannents  has  been  well 
studied  artd  fully  documenled  (Bauman,  1999).  Milk  produclion  responses  to  bST  occur 
because  of  its  known  clfects  on  partitioning  of  nutrients  and  because  a greater  proportion 
of  the  nutrient  rntake  is  used  for  milk  synthesis.  It  increases  liver  glucose  output,  cardiac 
output,  blood  flow  to  Ihe  mammary  gland  and  uptake  of  nutrients  used  for  milk  synthesis 
by  Ihe  mammary  gland  among  olhcr  ejects.  In  addition.  ST  decreases  Ihe  rate  of 
oxidation  of  amino  acid  and  glucose  and  glucose  clearance.  Trcalmcnl  with  bST  results  in 
coordinated  changes  of  various  organs  and  tissues  which  naturally  occurs  during  the 
transition  from  a nonlactaling  to  lactating  stole  when  circulating  concentration  of  ST  is 
high.  Because  of  Ihe  known  effecisofbST  described  above,  use  of  bST  during  Ihe 
transition  period  olTers  a means  to  cause  positive  and  beneficial  elTects  supponing  of 
milk  synthesis  prior  to  paiturilion.  These  positive  effccia  of  bST  would  allow  dry  cows  to 
make  better  transition  to  lactation  when  a high  demand  for  nutrient  intake  occurs. 
Consequently.  Injection  of  u low  dose  ofbST  (lOJ  rag/d)  dunng  Ihe  transition  period 


(-ZS  d prepanum  through  -^28  d posiponum)  and  throughout  Iheoarly  lactation  period  <28 
d through  56  d)  was  considered  to  hove  the  porcntiol  enhance  lactational  perromiancc.  It 
was  hypothcsiccd  that  increasing  concentrations  of  ST  would  ougment  (he  metabolic 
changes  that  favor  the  mafnmary  glortd  and  have  a positive  efTeclon  DMI. 

Data  from  bolh  Ihc  fust  and  second  studies  suggest  that  use  of  10^  mg  bST^d 
during  laie  prepartum  and  early  postpanum  periods  caused  no  apparent  negative  effects 
on  Ihc  treated  cows.  Although  £B  was  measured  only  in  the  second  study  during  first  4 
wk  postpartum,  NEB  was  not  greater  in  injected  eows  than  in  uninjected  cows  in  cither 
study.  This  observation  is  inferred  irtdireelly  because  Ihe  increase  in  MY  and  BW  and  the 
changes  in  BCS  were  equal  or  better  in  injected  relative  to  in  uninjected  cows.  Injection 
ofbST  resulted  in  belter  recovery  of  BW  and  BCS  during  early  laciaiion,  especially  after 
injections  were  discontinued  around  42  d postpartum.  During  Ihc  second  study,  low  dose 
ofbST  did  not  provoke  a greater  loss  ofBW  ora  faster  rale  of  decrease  in  BCS  compared 
lo  unimaied  cows.  Cows  in  both  groups  appeared  equally  capable  of  replenishing  their 
body  reserves  even  though  all  cows  stoned  injeclion  of  a full  dosebST  around  60  d 
postpanum;  a daily  dose  that  was  three  times  greater  than  that  injected  before  d 42. 

Bovine  somatotropin  Ireaimems  did  not  adversely  or  positively  affect  the  rale  ef  Increase 
inDMI  during  the  first  28  d postpartum;  Increase  In  DMI  was  same  for  bolh  Ireaied  and 
untreated  cmvs.  In  both  studies.  bST  treated  cows  produced  more  milk  and  3.5%  FCM 
during  Ihe  injection  period.  In  the  ftral  study,  no  carryover  effects  of  bST  were  delected 
on  MY  as  evidenced  by  Ihe  fact  that  the  incmsc  in  MY  did  not  peraisi  after  bST 
injections  were  disconlinued  around  42  d postpartum.  This  suggested  that  positive  effects 
on  epithelial  cell  activity  occurred  because  of  prepanum  and  early  postpartum  bST 
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injeclions.  ll  is  less  likely  ihoi  the  amount  of  tissue  in  the  gland,  or  at  least  number  of 
epithelial  cells  in  the  gland  were  increased  due  to  the  low  dose  ofbST  injected.  Clearly 
injections  should  be  conlinued  in  order  to  maintain  the  synthetic  activity  of  these  cells 
and  gain  further  benefits.  On  the  other  hand,  results  obtained  during  the  second  study 
contrast  those  just  described.  Treated  cows  showed  similar  increase  in  milk  production 
through  60  d.  However,  treated  cows  also  produced  more  milk  during  the  time  period 
when  all  cows  (controls  and  treated)  wore  injected  with  full  doseofbST  (>60dof 
lactation).  They  also  had  higher  concentrations  of  ST,  INS  and  IQF-I  prepartian  and 
higher  ST  artd  IGF-I  postpartum.  While  somewhat  conlradielory,  results  of  both  studies 
indicate  that  low  doses  of  bST  injected  preportum  and  postpartum  hod  measurable  efTecls 
on  Ihc  mammary  gland  and  very  likely  on  other  physiological  functions  and  organs  to 
suppon  the  lactation.  Although  no  specific  data  were  collected  to  allow  definitive  answer 
as  to  what  those  changes  were,  it  is  likely  that  u was  the  sum  of  many  small  physiologicol 
changes  that  occurred  and  which  stimulated  greater  milk  production. 

Because  MY  of  cows  in  the  second  study  wa.s  mainiained  greater  in  the  prepanum 
and  early  postpartum  injected  cows  whereas,  MY  response  was  lost  if  all  bST  was 
discontinued  afler  60  d postpartum,  this  suggests  that  gland  lost  the  stimulatory  action  of 
bST  but  likely  had  poiential  to  respond  to  a greater  level  if  it  had  been  present.  So,  while 
results  seem  conlradielory,  they  suppon  a general  and  likely  more  diverse  cfTeol  of  bST 
injection  which  results  in  greater  MY  and  DMI  without  apparent  negative  efTecls.  In  a 
broad  view  oflhcscacliona,  bST  penurbed  the  system  in  a positive  way  and  made  it 
possible  for  cows  to  respond  belter  later  in  laelalion  without  apparent  nc^ive  effects  on 
Iteallh.  Indeed,  rosulis  indicate  the  overall  effects  of  preportum  and  early  postpartum  bST 
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were  beneficial  since  BW  and  BC5  were  belter  maintained.  Changes  in  concentrations  of 
metabolic  hormones,  likely  coupled  with  cITccts  on  various  organs,  suggest  strongly  a 
bcnclicial  encciofbST  during  Ihe  transition  period  that  afTected  the  subsequent  milk 
production  whether  or  not  the  cows  were  injected  with  the  full  doseofbST  (500  mg 
bST/l4d)  later  on  in  the  lactation  (>60  d in  lactation).  Importantly,  no  negative  treatment 
effects  on  calving  or  prepartutn  or  postpartum  health  status  were  observed  dunng 
Imnaition  period  for  the  cows  across  the  treatments.  This  has  been  inte^reted  to  indicole 
that  injections  of  1 0.2  mgbST/d  can  be  used  during  the  postpartum  period  and  probably 
the  pmpnrtum  period,  to  improve  metabolic  status  arid  improve  overall  milk  yields  during 
early  laclalion. 

In  current  study,  the  low  dosebST  injections  (10.2  mgbST/d)  also  were  continued 
during  early  laclalion  penod.  Putnam  el  si.  (1999)  and  Bachman  cl  al.  (1992)  evaluated 
elTecis  of  use  ofbST  during  late  gestation  on  subsequent  milkprtxitiction.  Although 
Bachman  ct  aJ.  ( 1 992)  failed  to  delect  improved  MY  for  Iheprepartum  bST  injected 
cows,  Putnam  el  al.  ()999)  reported  a positive  galaclopoietic  response  when  a full  dose 
bST  was  injected  prepaniun  beginning  28  d before  especled  calving.  Garcia  (1 998)  also 
reached  Ihe  similar  conclusion  when  a much  smaller  dose  was  used.  Ke  injected  5.1  mg 
bST/d  before  and  alter  panuriiion,  and  saw  greater  MY  response  than  treating  cows  only 
preportum  or  only  during  the  poslpartum  period.  One  possible  explanation  for  improved 
MY  response  due  to  Ihe  prepartum  bST  treatment  maybe  via  enhanced  IGF*I  production 
in  the  treated  cows,  which,  in  turn,  might  have  increased  overall  mammary  cell  numbers 
during  preponum  injection  period  andtor  early  lactation.  The  potential  of  IGF'I  to  act  as 
mammary  mitogen  is  known  (Cohick,  1998).  It  increases  mammary  cell  numbers  and 
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incrrasu  cell  dirTcmilliition  during  prepanum  and  early  laclaiion  period.  Because 
numbers  of  secrelory  cells  in  ihc  mammary  gland  is  a very  impodant  deierminani  of 
lacialional  performarKe,  irrcrcascd  cell  numbers  would  be  beneficial.  However,  there  is 
no  conclusive  evidence  thal  cell  numbers  were  increased.  To  fully  undemiand  any  role 
ST  has  upon  subsequent  health  and  milk  produclion  mea.sures  prepanum,  low  dose  of 
bST  treatment  eflect  must  be  tested  alone. 

Another  way  to  Improve  MY,  without  exogenous  injections,  would  be  to  increase 
length  of  the  lactation  period.  Dairy  cows  require  a noniactating  period  between 
successive  lactations  for  optimal  milk  production  during  the  subsequent  lactation. 

Clearly,  ihc  dry  period  also  allows  cows  lo  recover  body  reserves  essential  to  stippcn 
subscqucnl  lactation.  However,  body  reserves  mplcnishcd  during  late  lactation  occurs 
more  eflicienlly  than  that  replenished  during  the  dry  period  (Mae  el  nl.,  1971),  so  cows 
should  maintain  or  gain  BCS  before  they  arc  dried  off  In  Ihc  current  study,  although  dry 
period  length  did  not  have  a significant  effect  on  DMI.6W  or  BCS  of  the  cows 
preporium,  cows  provided  the  short  dry  period  regained  more  BW  and  BCS  when  they 
wem  still  lactaling.  In  addition,  cows  given  60  d dry  lost  more  BCS  than  30  d dry  cows 
and  had  leas  DM1  a.s  aper  percent  BW  during  the  postpartum  period. 

Although  not  quantified  during  the  current  experiment,  incorporating  fewer 
dietary  changes  in  the  dry  cow  management  program  may  be  benoficiol  lo  rumen  function 
via  the  maintenance  of  a desired  population  of  rumen  microbes.  The  laigc  diversity  in  the 
types  of  microbes  found  in  the  rumen  is  a reflection,  lo  some  cxieni.  of  the  ruminants 
diet.  Growth  of  microorganisms  and  efTicienI  fermentation  of  feed  by  the 
microorganisms  depends  upon  a conalant  and  suitable  environment.  Changes  in 
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components  fed  or  feed  formulations  cause  a shin  in  microorganisms  in  the  rumen  and 
also  decreases  the  efficiency  of  the  fermentation  and  absorption  processes.  Changing  the 
diet  of  the  animal  provokes  a period  of  transition  in  the  rumen  microbial  population  such 
that  the  proportions  of  the  various  microbial  species  in  the  rumen  will  shift  to  a new 
balance,  one  which  best  accommodates  the  dietary  change.  This  is  referred  to  as 
adaplation  of  the  microbial  population.  Adaptation  may  require  sevemi  days  to  we^s. 

In  the  current  experiment,  diet  changes  in  60  d dry  cows  (from  lactation  dier  to 
FOD  diet,  from  FDD  diet  to  CUD  diet  and  from  CUD  diet  to  laciaiion  diet)  likely  would 
have  required  the  rumen  and  iis  microbes  to  adapt  three  time  during  a short  lime  period. 
These  changes  would  probably  limit  the  increase  in  feed  intake  immediately  after 
parturition.  On  Ihc  other  hand,  lesser  changes  in  diet  of  30  d dry  cows  might  have 
encouraged  maintenance  of  a more  sTable  rumen  microbial  population  and  better  rumen 
papillae  dcvclopmcni.  Thus,  it  might  be  advantageous  to  have  fever  diet  changes 
prepanum  and  to  allow  cows  to  replenish  body  condition  before  they  are  dried  ofT.  Our 
resulls  suggested  that  if  an  adequate  BCS  can  be  achieved  before  drying  ofT(23.2S),  Ihere 
were  no  advantages,  based  upon  subsequent  milk  production,  of  providing  cows  with  a 60 
d dry  period  compared  to  a 30  d shotl  dry  period.  In  fact,  cows  might  have  belter  ability  to 
maintain  body  condition  and  good  health  following  parturition  ifshonening  of  the  dry 
period  ia  coupled  with  a good  nuuiljona]  management  program. 

One  of  the  most  imponanl  objectives  of  the  dairy  producer  is  to  keep  cows 
producing  milk  as  much  as  possible  Ihrougboul  Ihc  year.  The  change  liom  nonlaclaling  to 
lactaiing  stage  is  very  demanding  on  the  cows  and  results  In  Impnriam  metabolic  changes 
and  loss  of  milk  production  during  Ihc  lime  they  ore  not  milking.  These  metabolic 
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changes  may  lead  to  increased  mcldence  ormeuballc  problems  which  may  alTecl  iheir 
health  and/or  productivity  and  cause  Ihecows  to  be  removed  Iroin  the  herd.  In  uddiiion, 
during  the  dry  period,  cows  do  not  produce  milk  and  achieving  maximal  milk  production 
during  the  next  lactation  with  the  least  number  of  days  dry  becomes  impoiionl. 
Establishing  optimum  length  oTlhediy  period  is  critical  to  achieve  maximum  milk 
production  during  the  next  lactation.  Cows  given  30  d dry  periods  yielded  essentially  Ihe 
some  amounts  of  milk  at  the  end  of  21  wk  period  compared  lo  Ihe  IradJtionally  managed 
60  d dry  herdmates.  Similar  results  also  were  reported  by  Bachman  <2002)  and  Schairer 
(2001).  Furthermore,  an  additional  500  kg  of  milk  was  obtained  from  30  d dry  cows  by 
shortening  dry  period  loonly  30  d and  milking  Ihe  cows  an  additional  30  d.  If  one  can 
verify  dial  cows  with -30  d dty  periods  will  produce  jusl  as  much  milk  as  those  with  60- 
70  d dry  periods  during  the  next  lactation,  with  no  ether  negative  effecls  on  Ihe  cow  as  a 
consequence  of  reducing  dry  period  length,  then  there  is  an  opportunity  of  extra  milk 
income  being  generated  for  each  cow  during  a lactation.  Although  the  curreni  study  did 
not  attempt  to  quantify  economics  of  a 30  d dry  period,  it  is  possible  to  roughly  estimate 
potential  economic  bencllts  of  incorporaling  a 30  d dry  period  in  dairy  management.  For 
example,  an  additional  I S-20  kg  milk/d  mi^l  be  expected  from  the  Increased  days  in 
milk  ('30  d);  Ihis  will  milk  income  by  as  much  as  SI60.00  (30  d"16  kgtd*S0.33/kg)  per 
cow.  Statewide.  24  million  dollars  ($160.00*150,000  cows  in  producing  milk  in  Florida) 
would  otherwise  be  lost.  Furthermore,  an  additional  '4,500,000  DIM  (150,000  cows*30 
d)  would  be  achieved  without  the  addition  of  any  more  cows  to  the  curreni  population.  Of 
course,  in  order  for  us  lo  perform  Ihis  short  dry  period  practice,  cows  should  be  producing 
adequate  amounts  of  milk  at  .60  d prepanum  when  they  Lradiiionaily  would  be  dried  olT. 


253 


They  also  should  hsvc  a good  BCS  (minimum  3.2S).  and  should  be  provided  needed 
nulrienis  via  an  esccllciu  feeding  program  lo  support  their  needs.  On  the  other  hand,  there 
is  an  extra  feed  cost  to  be  accounted  forifeowstvere  to  have  shorter  dry  periotls  arvd  it  is 
very  unlikely  that  all  cows  would  qualify  for  a shorter  dry  period.  Lactation  diets  are 
relalively  costly,  greater  than  for  dry  cows.  Thus.  Income  coming  from  the  Increased  milk 
yield  and  the  cost  of  additional  feed  needs  to  be  determined  carehilly  to  achieve 
economically  sound  management. 

In  the  current  cxperimenL  shortening  the  dry  period  did  not  decrease  the  yield  of 
milk  in  Ihc  subsequent  lactation  or  during  21  wk  postpartum.  Moreover,  no  evidence  was 
delected  lo  suggest  that  ECP  injection  al  Ihe  lime  of  drying  off  is  necessary  lo  achieve 
ma.simal  milk  production  during  the  next  lactation.  Based  upon  milk  produclion.  it 
appears  that  -30  d dry  period  is  sufllcienl  lime  for  the  mammary  gland  to  involute  and 
subsequently  romodcl  with  difTcrcnliation  of  the  epithelial  cell  population.  Ceriainly. 
favorable  results  of  this  and  other  aiudics  (Bachman,  2002;  Schaircr.  2001)  strongly 
supports  rteed  for  thither  rtscaroh  efforts  in  this  area  to  evaluate  potential  health  effects, 

Similarly,  it  rmisl  he  deicnnined  whether  the  practice  can  be  used  during  hotter  summer 
months  when  gestation  length  may  already  be  shorter  and  cows  would  be  at  risk  of  too 
short  a dry  period  if  they  calved  earlier  than  expected. 

On  Ihe  other  hand,  none  of  Ihc  cows  used  in  current  studies  on  dry  period  length 
had  dry  periods  during  the  hot  summer  days.  This  was  purposely  avoided  because  of  Ihe 
poieniiul  for  earlier  than  expected  calvmg.  Heat  stress  during  Ihe  summer  is  known  lo 
induce  early  calving  As  a resulL  employing  shorter  dry  periods  may  result  in  cows 
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having  diy  periods  less  than  20  d.  Although  ECP  injections  did  not  have  posidve  effects 
on  the  lactational  pcrfonnancev  there  may  be  benefits  of  using  ECP  for  cows  that  would 
have  shoner  dry  periods,  even  less  than  30  d,  because  estrogen  has  been  found  to  increase 
speed  of  mammary  involution.  Administration  of  estrogen  was  associated  with  irtduction 
of  serine  protease,  plssminogen  and  plasmin  activity  within  the  gland  and  aciivadon  of 
these  serine  protease  are  known  to  accelerate  mammary  involution  (Alhie  el  al.,  1997). 

Finally,  although  cow  numbers  were  loo  few  to  critically  evaluate  health  siatus.no 
apparent  health  and/or  calving  problems  or  benefits  were  observed  for  the  cows  across  the 
dry  period  Irealmenis.  Importantly,  no  eflect  of  ECP  on  early  calvings  and/or  abortions 
wos  observed  during  the  eiperimenl.  not  even  for  cows  that  calved  during  the  months  of 
September  ihrou)^  May,  which  were  somewhat  more  stressful  time  periods.  Because  of 
the  risk  of  early  calvings  due  to  heal  stress,  use  of  ECP  and  short  dry  p^odf<30) 
combinations  should  be  tested  during  the  summer  months  to  evaluate  effects  on 
subsequent  health  and  production  and  ifdn  periods  are  actually  reduced  to  less  than  30  d.. 

Hypocalcemia  is  a metabolic  disorder  of  Ca  homeslasis  that  alTecis  fresh  cows. 
This  disease  is  related  to  the  metabolic  turnover  of  Ca.  This  is  especially  important  for 
dairy  cows  around  calving  because  metabolic  turnover  of  Ca  is  the  greatest  for  cows  per 
kg  of  BW  at  calving  and  during  early  lactation.  Asa  result,  feeding  diets  that  have  a 
negative  DC  AD  has  been  recommended  and  used  to  prevent  onset  of  mi  Ik  fever  during 
the  last  21  d prepanum  and  shortly  aher  calving  However,  in  recent  yeais  it  has  been 
suggested  that  high  potassium  contents  of  ingredients  utili/ed  in  close-up  rations  is  as 
Important  or  even  more  irnporiam  than  acidifying  blood  by  feeding  negative  DC  AD  diet 
to  prevent  hypocalcemia  in  dairy  cows  (Goff  el  al..  1997).  Ido  clinical  hypocalcemia  was 
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observed  dunng  ihis  study  and  The  overaJI  scrum  concentrations  ofCa  did  not  difTcrin 
cows  fed  anionic  (-10  Meq/I00g>  or  cationic  diets  (+  20  Meij/lOOg)  before,  during,  or 
around  calving.  Prepartum  anionic  diet  irealmenidid  not  haves  significant  effect  on 
plasma  concenustions  of  Caand  the  cationic  diet  was  just  as  effective  as  the  anionic  diet 
for  maintaining  plasma  concentrations  ofCn  before  and  during  the  25  d immediately  after 
calving.  Thus,  feeding  aniooic  diet  did  not  result  in  better  maintenance  of  serum 
conccnlnilions  ofCa  in  Holstein  cows.  Additionally,  no  effects  of  prepartum  diets  fed 
were  observed  on  prepartum  or  postpartum  DM  I,  BW  or  BCS.  and  bad  little,  if  any,  effect 
on  postpanum  DMI.  In  fact,  cows  fed  anionic  and  cationic  diets  prepartum  maintained 
DMI  greater  than  typically  observed  during  the  transition  period.  The  DMI  were  greater 
than  23  lisTd  8 d postpanum.  High  DMI  around  die  calving  also  might  have  helped  cows 
to  maintain  adequate  concentrations  of  Ca  around  parturition  which , in  turn,  prevented 
onset  of  hypocalcemia  (milk  fever)  and  allowed  cows  to  transition  into  lactation  in  good 
health  and  with  greater  availability  of  ingested  nutrients. 

In  conclusion,  results  of  these  studies  suggest  that  injections  ofIO.2  mgofbST/d 
before  and  after  parrurilion  increased  plasma  conceniralions  of  ST  and  IGP-I  with  a 
sigmhcanl  increase  in  milk  produclion  during  treatment  in  early  lactation.  Funhermore, 
non-significanl  dilTerences  in  MY  of  cows  provided  20  and  60  d dry  periods  suggested 
that  a 30  d dty  period  is  sufficient  lime  for  mammaiy  gland  to  involute  and 
redifferenliale.  Finally,  because  no  strong  adverse  effects  of  bST  or  short  dry  period 
length  were  evident,  these  practices  have  potential  to  improve  management  of  transition 
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Table  A-3.  Preparlum  significant  two-way  interactions  between  dry  period  treatments 
and  season  for  BCS- 


season  for  BW. 
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and  season  for  ^ 
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Table  A-8.  Postpanum  significant  two-way  intemclions  between  dry  period  ireauncnls 
and  season  for  IGF-1. 
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